
DESCRIPTION 

DIAGNOSTIC SYSTEM FOR FLUID MACHINERY 

Technical Field 

5 The present invention relates to a diagnostic system for 

fluid machine~y capable of estimating wasteful energy 

consumption in the fluid machinery and its peripheral devices, 

and more particularly to a system for estimating and verifying 

the minimum required power consumption in equipment using a 

10 cooling water circulating pump or the like. 

Background Art 

A technology for controlling a rotational speed of a motor 

pump using an inverter (frequency converter) is known in the art. 

15 This method is an extremely effective means for energy saving, 

not only in the application of the pump for a feed water supply 

system or the like in which a violent fluctuation of load occurs, 

but also in the application of the circulating pump or the like. 

A general-purpose pump is not manufactured according to 

20 a standard specification. Specifically, the general-purpose 

pump is not manufactured so as to meet a certain specification 

(flow rate, pump head), but such a pump having a performance 

exceeding the required specification is selected from a stock. 

Additionally, design specifications are generally calculated so 

25 as to satisfy a maximum flow rate with plenty of margin of flow 

rate. The energy loss in piping is also determined in 

consideration of margin and.aged deterioration •. Accordingly, 

when the pump is actually operated, the valve adjustment is 
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conducted for suppressing excessiv.e flow rate, resulting in a 

waste of the energy. Even if the pump is selected based on 

calculations, waste of energy will be more or less generated. 

A decisive factor of saving energy is to match the 

5 operations of the pump to "true" requirements in order to conduct 

efficient operations without energy loss. Here, "true" 

requirements are defined as the minimum required flow rate and 

head that can only be found by performing actual operations at 

the site. 

10 For example, if too much margin is found in the capacity 

of the pump when performing actual operations at the site, it 

is possible to save energy by the following methods. 

( 1) Replacing the pump with a smaller one having one rank reduced 

capacity. 

15 ( 2) Machining the outer diameter of the impeller to reduce the 

performance of the pump to an appropriate value. 

However, this process requires an extra expense. Also, 

after performing the above measure, it is difficult to raise the 

performance (recover the performance) when needed. on the other 

20 hand, an inverter can easily and reversibly adjust the pump 

performance, thus achieving operations having the best energy 

efficiency. 

In case of achieving energy-saving by adding an inverter 

to an existing pump, there are several methods, each with its 

25 advantages and disadvantages, described below. 

(1) Controlling an existing motor pump with an inverter 

(Advantage) No modifications are required for the motor pump 

itself. 
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(Disadvantage) The area around the pump is likely to have a lot 

of moisture, and such area is unsuitable for installation of a 

general inverter. Accordingly, it is desirable that the 

inverter is housed inside the control panel. Hence, in addition 

5 to installation of the inverter, it is necessary to modify the 

control panel or manufacture a new control panel. 

(2) Replacing an existing motor pump with an inverter-mounted 

pump 

(Advantage) Essentially no modifications of the control panel 

10 or the like are necessary. 

(Disadvantage) An existing pump is required to be replaced in 

its entirety. Therefore, since the existing pump that has not 

fulfilled its service life is replaced, this method is 

disadvantageous from the viewpoint of cost. 

15 (3) Replacing only a motor of an existing motor pump with an 

inverter-mounted motor 

(Advantage) Only the motor of the pump is replaced. However, 

if the pump is not a direct coupling type, essentially the pump 

assembly must be disassembled and reassembled. Essentially no 

20 modifications of the control panel are necessary. 

(Disadvantage) Since the motor that has not fulfilled its service 

life is replaced, this method is disadvantageous from the 

viewpoint of cost. 

Therefore, it is necessary to select the most effective 

25 method based on the conditions at each site. 

An even greater problem is the lack of a common method for 

calculating the amount of energy conservation achieved by using 

an inverter. That is, no method has been established for finding: 
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the "true" requirements of a pump when an inverter is not used 

and for estimating and verifying the difference between these 

values and the actual operating point. For this reason, even 

though it is known that an inverter contributes to energy 

5 conservation, how much energy can be conserved cannot be learned. 

As a result, the return of investment of replacing an existing 

pump with an inverter-mounted pump, for example, ·cannot be 

calculated. This has prevented such energy conservation 

equipment from being permeated through the market. 

10 As shown in FIG. 42, the flow rate-pressure 

characteristics ( Q-H characteristics) of a centrifugal pump are 

represented by a single curved line when the horizontal axis 

represents flow rate (discharge flow rate) and the vertical axis 

represents total head (pressure). According to the situation, 

15 other data such as pump shaft power (output) , pump efficiency, 

suction performance (required NPSH), and electric current (in 

case of motor pumps) may be represented. 

As described above, there has been known a technology for 

controlling a rotational speed of a motor pump using equipment, 

20 such as an inverter {frequency converter}, for changing the 

rotational speed of the fluid machinery. This method is an 

extremely effective method for saving energy, not only in the 

application of the pump for a feed water system or the like in 

which a violent fluctuation of load occurs, but also in the 

25 application of the circulating pump or the like. 

As described above, a general-purpose pump is not 

manufactured according to a standard specification. 

Specifically, the general-purpose pump is not manufactured so 
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as to meet a certain specification {flow rate, pump head), but 

such a pump having a performance exceeding the required 

specification is selected from a stock. A decisive factor of 

conserving energy is to match the operation point of the pump 

5 to the "true" requirements in order to conduct efficient 

operations without energy loss. Here, "true" requirements are 

defined as the minimum required flow rate and head that can be 

found only by performing actual operations at the site. A 

remarkable amount of energy can be saved by reducing the 

10 rotational speed of the pump with an inverter. 

There have also been pro~osed pumps having an inverter in 

which the frequency applied to the pump can be controlled 

stepwise with an adjusting knob. As shown in FIGS. 43A and 43B, 

in this type of pump, the Q-H characteristics are represented 

15 by a plurality of curves showing the relationship between the 

flow rate (discharge flow rate) and total head (pressure) when 

the frequency {rotational speed) is varied according to each 

number on the adjusting knob. FIG. 43A is a partial enlarged 

view, and FIG. 43B is a total view. 

20 However, in the conventional tec.hnology representing 

characteristics as shown in FIG. 42, even if an inverter is used 

to conserve energy, it is not possible to see the relationship 

between discharge flow rate and total head when varying the 

rotational speed of the pump. Further, the graph contains no 

25 data related to power consumption. As a result, it is necessary 

to perform a bothersome simulation every time in order to find 

the return of investment or cost-effectiveness for installing 

an inverter. 
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. Al though the output for each rotational speed 

corresponding to each number on the adjusting knob is included 

in the conventional technology representing characteristics as 

shown in FIGS. 43A and 43B, the graph contains no data related 

5 to power consumption. Thus, it is necessary to acquire separate 

data such as motor efficiency and inverter efficiency and perform 

a simulation in order to learn how much energy is saved when 

varying the rotational speed. 

In other words, much time and effort is currently required 

10 in the conventional technology to calculate the return of 

investment when using an inverter in a pump to save energy. 

Further, the energy conserving benefits of using pumps with 

inverters have not gained widespread popularity at present. 

15 Disclosure of Invention 

In view of the foregoing, it is a first object of the present 

invention to provide a diagnostic system for fluid machinery 

capable of estimating the amount of energy conservation that can 

be achieved using an inverter (frequency converter) to adjust 

20 a rotational speed of the fluid machinery before performing such 

adjustments. In other words, the first object of the present 

invention is to provide a diagnostic system for fluid machinery 

capable of finding wasteful energy consumption in the fluid 

machinery and its peripheral devices. 

25 It is a second object of the present invention to provide 

an energy-saving pre-diagnostic system for conserving energy in 

fluid machinery capable of ·easily calculating the amount of 

energy conservation that can be achieved using an inverter 
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(frequency converter) to adjust a rotational speed of the fluid 

machinery. 

It is a third object of the present invention to provide 

a method and mate·rial for displaying the characteristics of fluid 

5 machinery that are capable of easily finding the return of 

investment when incorporating (adding) an inverter or the like 

by including data related to power consumption in case of varying 

rotational speeds of fluid machinery such as a pump, and can aid 

in making energy-conserving products more widespread in the 

10 market. 

In order to achieve the first object, the diagnostic system 

for fluid machinery of the · present invention has aspects 

described in (l)-(4) below. 

(l) A diagnostic system for fluid machinery comprises 

15 first identifying means for inputting prescribed data on the 

fluid machinery to be diagnosed and identifying the 

characteristics of the fluid machinery represented by flow 

rate-head characteristics; second identifying means for 

identifying the operating flow rate or operating pressure of the 

20 fluid machinery according to the relationship between the 

identified characteristics of the fluid machinery and a measured 

operating pressure or operating flow rate of the fluid machinery 

by operating the fluid machinery to be diagnosed and inputting 

the measured results of the operating pressure (head) , operating 

25 flow rate, power consumption, or operating electric current of 

the fluid machinery in operation; and processing means for 

computing variations in the operating flow rate, operating 

pressure, or power consumption while the rotational speed of the 
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fluid machinery to be diagnosed is varied, and for displaying 

the computed results. 

(2) A recording medium is capable of being read by a 

computer for storing programs to enable the computer to implement 

5 the functions of: identifying the characteristics of the fluid 

machinery represented by ·flow rat~-head characteristics by 

inputting prescribed data on the fluid machinery to be diagnosed; 

identifying the operating flow rate or operating pressure of the 

fluid machinery according to the relationship between the 

10 identified characteristics and a measured operating pressure or 

operating flow rate of the fluid machinery by operating the fluid 

machinery to be diagnosed and inputting the measured results of 

the operating pressure (head), operating flow rate, power 

consumption, or operating electric current of the fluid 

15 machinery in operation; and computing variations in the 

operating flow rate, operating pressure, or power consumption 

when the rotational speed of the fluid machinery to be diagnosed 

is varied, and displaying the computed results. 

(3) A diagnostic system for fluid machinery comprises 

20 first identifying means for identifying the characteristics of 

the fluid machinery represented by flow rate-head 

characteristics of the fluid machinery to be diagnosed; second 

identifying means for identifying the actual operating point of 

the fluid machinery to be diagnosed; and processing means for 

25 computing variations in the operating point when the rotational 

speed of the fluid machinery to be diagnosed is varied, and for 

displaying the computed results. 

(4) A method for diagnosing fluid machinery comprises 
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identifying the characteristics of the fluid machinery 

represented by the flow rate-head characteristics of the fluid 

machinery to be diagnosed; identifying the actual operating 

point of the fluid machinery to be diagnosed; computing 

5 variations in the operating point when the rotational speed of 

the fluid machinery to be diagnosed is varied; and displaying 

the computed results. 

According to the above aspects (l)-(4) of the present 

invention, the amount of energy that can be saved by adjusting 

10 the rotational speed with an inverter (frequency converter) can 

be calculated prior to performing the adjustment. 

Each of the· means and each of the steps in the present 

invention are implemented by a computer, such as a programmed 

personal computer. However, some of the steps in the above 

15 aspect ( 4) of the present invention· include cases that are not 

executed by a computer but are executed by other means (manual 

operations, etc.). 

In order to achieve the first object, according to another 

aspect of the present invention, there is provided a method for 

20 identifying characteristics of fluid machinery comprising: 

calculating the head and shaft power for flow rates by 

determining representative points for characteristics of fluid 

machinery including a representative head and representative 

shaft power and by determining the ratios of head and shaft power 

25 other than the representative flow rate to the representative 

head and representative shaft power based on the port diameter 

of the fluid machinery, the number of impeller stages, and the 

rated output and rated rotational speed of the mo-t:or used to drive 
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the fluid machinery; estimating provisional characteristics of 

the fluid machinery based on the calculated head and shaft power; 

and identifying characteristics of the fluid machinery and the 

operating point including the operating flow rate by correcting 

5 the provisional characteristics of the fluid machinery based on 

measurement data including at least the head and power 

consumption during current operations. 

In order to achieve the second object, according to the 

first aspect of the present invention, there is provided an 

10 energy-saving pre-diagnostic system for fluid machinery, 

comprising: inputting means for inputting flow rate-pressure 

(head) and flow rate-power consumption data for fluid machinery 

having a motor driven by a commercial AC power, and design 

specifications (flow rate-pressure) in a facility side; 

15 inputting or estimating means for inputting or estimating 

resistance of piping (actual head) when the flow rate is zero; 

calculating means for calculating the reduction in power 

consumption achieved when reducing the rotational speed of the 

fluid machinery with a frequency converter; and processing means 

20 for displaying the calculated results. 

According to another aspect of the present invention, 

there is provided a recording medium capable of being read by 

a computer for storing programs to enable the computer to 

implement the functions of: inputting flow rate-pressure (head) 

25 and flow rate-power consumption data for fluid machinery having 

a motor driven by a commercial AC power, and design 

specifications (flow rate-pressure) in a facility side; 

inputting or estimating resistance of piping (actual head) when 
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the flow rate is zero; calculating the reduction in power 

consumption achieved when reducing the rotational speed of the 

fluid machinery with a frequency converter; and displaying the 

calculated results. 

In order to achieve the third object of the present 

invention, the present invention has aspects described in 

(1)-(5). 

( 1) A method for displaying the characteristics of fluid 

machinery, comprises displaying the flow rate-pressure 

10 characteristics of the fluid machinery varied according to the 

rotational speed on the same surface using a plurality of curves; 

and displaying data related to the power consumption on the same 

surface. 

According to the present invention, it is easy to find the 

15 return of investment when incorporating an inverter, for example, 

because data related to power consumption can be seen 

simultaneously with the flow rate-pressure characteristics of 

the fluid machinery for varied rotational speeds. 

(2) A display material is provided for displaying the 

20 characteristics of the fluid machinery using the method 

described in the above ( 1). This display material can be a sales 

brochure, such as a catalog. 

(3) A fluid machinery or an apparatus for varying the 

rotational speed of the fluid machinery, comprises displaying 

25 the flow rate-pressure characteristics of the fluid machinery 

varied according to the rotational speed on the same surface of 

a promotional material represented by a catalog, using a 

pl_urality of curves; and displaying data related to the power 
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consumption on the same surface of the promotional material. 

With this construction, the return of investment can be 

easily viewed on a sales brochure or the like when introducing 

a fluid machinery or apparatus for varying the rotational speed 

5 of the fluid machinery, such as an inverter. 

( 4} A line graph for the power consumption of fluid 

machinery comprises a plurality of curves indicating the flow 

rate-pressure characteristics of fluid machinery in each of 

rotational speeds and displayed in a coordinate system; and a 

10 plurality of curves indicating the flow rate-pressure 

characteristics of the fluid machinery in each of values of power 

consumption and displayed in the coordinate system. 

( 5) A calculating and graphing system, comprises a 

computer for obtaining the display material of claim 2 8 or the 

15 line graph of claim 30, by inputting data for the flow rate­

pressure characteristics and flow rate-power consumption 

characteristics of fluid machinery having a motor driven by a 

commercial AC power. Further, a recording medium is capable of 

being read by a computer for storing programs to enable the 

20 computer to implement the calculating and graphing system. 

Brief Description of Drawings 

FIG. 1 is a block diagram showing the hardware 

configuration of a diagnostic system for fluid machinery 

25 according to the present invention; 

FIG. 2 is a graph showing characteristic curves for the 

fluid machinery to describe the process of the diagnostic system; 

FIGS. 3A and 3B are graphs showing characteristic curves 
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for the fluid machinery to describe the process of the diagnostic 

system; 

FIGS. 4A and 4B are graphs showing characteristic curves 

for the fluid machinery to describe the process of the diagnostic 

5 system; 

FIGS. SA and SB are graphs showing characteristic curves 

for the fluid machinery to describe the process of the diagnostic 

system; 

FIG. 6 is a graph showing characteristic curves for the 

10 fluid machinery to describe the process of the diagnostic system; 

FIG. 7 is a graph showing characteristic curves for the 

fluid machinery to describe the process of the diagnostic system; 

FIG. 8 is a gra~h showing characteristic curves for the 

fluid machinery to describe the process of the diagnostic system1 

15 FIG. 9 is a graph showing characteristic curves for the 

fluid machinery to describe the process of the diagnostic system; 

FIG. 10 is a graph showing characteristic curves for the 

fluid machinery to describe the process of the diagnostic system; 

FIG. 11 is a graph showing characteristic curves for the 

20 fluid machinery to describe the process of the diagnostic system; 

FIG. 12 is a graph showing characteristic curves for the 

fluid machinery to describe the process of the diagnostic system; 

FIG. 13 is a flowchart showing the general process flow 

performed in the diagnostic system for fluid machinery shown in 

25 FIGS. 1 through 12; 

FIG. 14 is a side view showing a mounting configuration 

of a performance regulating apparatus for fluid machinery 

according to a first embodiment; 

13 



FIG. IS is a side view showing a mounting configuration 

of a performance regulating apparatus for fluid machinery 

according to a second embodiment; 

FIGS. I 6A and I 6B are views showing a detailed structure 

5 of the performance regulating apparatus shown in FIG. I4, and 

FIG. 16A is a front view with a partially cross-sectional part 

and FIG. 16B is a side view; 

10 

FIG. I7 is a cross-sectional view taken along line XVII­

XVII of FIG. 16A; 

FIGS. I SA and I BB are views showing a detailed structure 

of the mounting configuration used with a performance regulating 

apparatus shown in FIG. IS, and FIG. IBA is a front view with 

a partially cross-sectional part and FIG. IBB is a plan view; 

FIG. 19 is a cross-sectional view taken along line XIX-

15 XIX of FIG. IBA; 

FIGS. 20A and 20B are views showing a mounting 

configuration used with a performance regulating apparatus for 

fluid machinery according to a third embodiment, and FIG. 20A 

is a side view and FIG. 20B is a view as viewed from an arrow 

20 XX of FIG. 20A; 

25 

FIGS. 21A and 21B are views showing another embodiment of 

the mounting configuration used with a performance regulating 

apparatus for fluid machinery shown in FIGS. 14 through 20, and 

FIG. 21A is a front view and FIG. 2IB is a side view; 

FIG. 22 is a graph showing characteristic curves for the 

fluid machinery to describe the process of the diagnostic system; 

FIG. 23 is a schematic view showing an example of the 

diagnostic system that can be brought to the work site of the 
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fluid machinery; 

FIG. 24 is a graph showing dimensionless pump 

characteristics (flow rate-head and flow rate-shaft power) for 

specific speeds; 

5 FIG. 25 is a graph showing a specific speed-pump efficiency 

characteristic curve; 

FIGS. 26A through 26D are views showing the stages of 

estimating provisional pump characteristics, identifying the 

operating point (flow rate), and correcting the provisional 

10 characteristics using flow rate calculated from the head and 

power consumption during current operations and estimated values 

of the efficiency of the fluid machinery and efficiency of the 

motor; 

FIGS. 27A through 27D are views showing the stages of 

15 estimating provisional pump characteristics, identifying the 

operating point (flow rate), and correcting the provisional 

characteristics using flow rate calculated from the head and the 

power consumption during current operations and estimated values 

of the efficiency of the fluid machinery and the efficiency of 

20 the motor, and the head and the power consumption during shutoff 

operations; 

FIGS. 28A through 28D are views showing the stages of 

estimating provisional pump characteristics, identifying the 

operating point (flow rate}, and correcting the provisional 

25 characteristics using flow rate calculated from the head and the 

power consumption during current operations and estimated values 

of the efficiency of the fluid machinery and the efficiency of 

the motor, and the head and the power consumption during· 
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operations when the valve is fully open; 

FIGS. 29A through 29D are views showing the stages of 

estimating provisional pump characteristics, identifying the 

operating point {flow rate), and correcting the provisional 

5 characteristics using flow rate calculated from the head and the 

power consumption during current operations and estimated values 

of.the efficiency of the fluid machinery and the efficiency of 

the motor, and the head and the power consumption during both 

shutoff operations and operations when the valve is fully open; 

10 FIGS. 30A through 30D are views showing the stages of 

estimating provisional pump characteristics, identifying the 

operating point (flow rate)., and correcting the provisional 

characteristics, wherein the operating point (flow rate) is 

identified from the provisional characteristics and the head 

15 during current operations, while the provisional 

characteristics are corrected according to the current power 

consumption; 

FIGS. 31A through 31D are views showing the stages of 

estimating provisional pump characteristics, identifying the 

20 operating point (flow rate), and correcting the provisional 

characteristics, wherein the operating point (flow rate) is 

identified from the provisional characteristics and the head 

during current operations, while the provisional 

characteristics are corrected according to the current power 

25 consumption and the head and power consumption when· the valve 

is fully open; 

FIG. 32 is a graph showing characteristic curves for the 

fluid machinery to describe the process of an energy-saving 
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pre-diagnostic system for fluid machinery according to the 

present invention; 

FIG. 33 is a graph showing characteristic curves for the 

fluid machinery to describe the process of an energy-saving 

5 pre-diagnostic system for fluid machinery; 

FIG. 34 is a view· showing the output indicative of 

diagnostic results from an energy-saving pre-diagnostic system 

for fluid machinery; 

FIG. 35 is a table showing the area A of FIG. 34; 

10 FIG. 36 is a schematic view showing an example of the 

energy-saving pre-diagnostic system for fluid machinery 

employing a personal computer; 

FIG. 37 is a graph showing the characteristics of the fluid 

machinery in a method and material for displaying the 

15 characteristics according to a first embodiment of the present 

invention; 

FIG. 38 is a graph showing an example of a trial calculation 

of the return of investment in case of introducing an inverter; 

FIG. 39 is a graph showing the characteristics of the fluid 

20 machinery in a method and material for displaying the 

characteristics according to a second embodiment; 

FIG. 40 is a graph showing the characteristics of the fluid 

machinery in a method and material for displaying the 

characteristics according to a third embodiment; 

25 FIG. 41 is a flowchart showing the general process flow 

performed in a calculating and graphing system; 

FIG. 42 is a graph showing an example of display of a pump 

performance curve according to the prior art; and 
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FIGS. 43A and 43B are graphs showing another example of 

display of pump performance curves according to the prior art. 

Best Mode for Carrying Out the Invention 

A diagnostic system for fluid machinery according to 

preferred embodiments of the present invention will be described 

with reference to the accompanying drawings. 

A diagnostic system for fluid machinery comprises a first 

identifying means for identifying the characteristics of the 

10 fluid machinery represented by flow rate-head characteristics 

by inputting specified data on the fluid machinery to be 

diagnosed; a second identifying means for identifying the 

operating flow rate or operating pressure of the fluid machinery 

according to the relationship between the identified 

15 characteristics and a measured operating pressure or operating 

flow rate of the fluid machinery by operating the fluid machinery 

to be diagnosed and inputting the measured results of the 

operating pressure (head), operating flow rate, power 

consumption, or operating electric current of the fluid 

20 machinery in operation; and a processing means for computing 

variations in the ope~ating flow rate, operating pressure, or 

power consumption when the rotational speed of the fluid 

machinery to be diagnosed is changed and for displaying the 

computed results. 

25 FIG. 1 shows the hardware configuration of the diagnostic 

system for fluid machinery according to the present embodiment. 

In the present embodiment, a pump will be described as an example 

of the fluid machinery. 
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The diagnostic system for fluid machinery comprises a main 

controller 1 for controlling the overall system, and a main 

storage unit 2 connected to the main controller 1. The main 

controller 1 comprises a control unit 3 and an arithmetic unit 

5 4. The main controller 1 is also connected to an input device 

5 including a keyboard, mouse, or the like and an output device 

6 including a printer, display, or the like. In FIG. 1, bold 

arrows show the flow of data and programs, while the thin arrows 

show the flow of control signals. 

10 The main controller 1 has an internal memory (not shown) 

for storing control programs such as an operating system, a 

program prescribing the diagnostic procedure for the fluid 

machinery, and required data, and these programs implement the 

first identifying means, the second identifying means and the 

15 processing means. The main storage unit 2 comprises a hard disk, 

floppy disk, optical disk, or the like and stores data for various 

models of pumps currently appearing on the market. This data 

does not necessarily have to be accurate for each pump. The data 

may be averaged data or modeled element data for identifying the 

20 pump characteristics with a certain degree of accuracy by 

inputting a port diameter or output. 

According to the present invention, by the first 

identifying means incorporated in the main controller 1, it is 

possible to identify, for example, the characteristics of the 

25 motor pump to be diagnosed. More specifically, the following 

example values on the pump rating plate (or nameplate) are 

referenced and inputted into the input device 5. 

• Port diameter of pump 
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• Rated output of motor (or nominal output of pump) 

• Number of poles of motor 

• Operating frequency of motor 

• Number of impeller stages 

5 The first identifying means· identifies the flow rate-head 

characteristics and · flow rate-power consumption 

characteristics of the pump on the basis of the above data. This 

identification can be made by selecting data stored in the main 

storage unit 2 that most closely resembles the referenced data. 

10 In addition to the above data, the rating plate specifications, 

model name, the number of impeller stages, outer diameter of the 

impeller, pump test data, and the like are included in data 

inputted into the input device 5. 

Identified characteristics are displayed with one solid 

15 line, broken lines and diagonal lines as shown in FIG. 2. FIG. 

2 shows the flow rate-head characteristics and flow rate-power 

consumption characteristics of the pump, where the horizontal 

-axis represents flow rate ( Q) and the vertical axis represents 

head (H) or power consumption (W). As shown in FIG. 2, the first 

20 identifying means identifies the flow rate-head characteristics 

and flow rate-power consumption characteristics of the pump with 

a prescribed width based on the input results. Hence, the region 

of a diagonal line portion a is identified. The broken lines 

represent the upper and lower limits of the diagonal line portion 

25 a, while the solid line is a centerline of the area shown by the 

diagonal line portion a. The identified results by the first 

identifying means are displayed on the output device 6, which 

includes a liquid crystal display or the like. The diagonal line 
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portion a is refined on the basis of input data and becomes 

narrower in area. For example, the characteristics can be 

identified with higher accuracy if the manufacturer and model 

name of the pump are known, and hence, the area of the diagonal 

5 line portion a can be minimized, as shown in the progress ion from 

FIG. 3A to FIG. 3B. 

The results of identification by the first identifying 

means are further refined by inputting the power consumption of 

the fluid machinery at the actual operating point. That is, the 

10 power consumption of the motor during actual operations is 

measured and the result is inputted into the input device 5 to 

refine the identification. Here, the region of the diagonal line 

portion a is revised to include the value of actual power 

consumption for the motor, as shown in the progression from FIG. 

15 4A to FIG. 4B. 

The results of identification by the first identifying 

means are further refined by inputting the operating pressure 

and power consumption during actual shutoff operations, as 

illustrated in the progression from FIG. SA to FIG. SB. 

20 Specifically, the diagonal line portion a is corrected to include 

the values of the operating pressure and power consumption during 

actual shutoff operations. 

The results of identification by the first identifying 

means may be corrected further by inputting test data (flow 

25 rate-head and flow rate-power consumption) for the pump obtained 

in the factory prior to shipment, for example. In this case, 

it is possible to identify the characteristics of the pump with 

a very high degree of accuracy, as shown in FIG. 6. Actually, 
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an identification near the accuracy of that shown in FIG. 6 may 

be possible by inputting only some of the above data without 

requiring input of test data for the pump. In this case, it is 

possible to obtain an identification similar to that of FIG. 6 

5 by selecting the centerline through the area of the diagonal line 

portion a after achieving the refinement shown in FIG. SB. 

By using the second identifying means on the pump 

characteristics identified by the first identifying means, it 

is possible to identify the operating point of the pump in this 

10 facility or equipment. Identification by the second 

identifying means is performed by operating the pump to be 

diagnosed; measuring the actual operating pressure {head), 

operating flow rate, or power consumption; and inputting this 

measurement into the input device s. 
15 {l) In case of inputting the operating pressure 

The operating pressure is calculated by measuring the 

suction pressure and discharge pressure of the pump. By 

inputting the operating pressure, it is possible to identify the 

operating flow rate and power consumption, as shown in FIG. 7, 

20 by finding an intersecting point between the flow rate-head 

characteristic curve and the flow rate-power consumption 

characteristic curve. 

(2) In case of inputting the operating flow rate 

The operating flow rate is measured with a flow meter. By 

25 inputting the operating flow rate, it is possible to identify 

the operating pressure (head) and power consumption, as shown 

in FIG. 8, by finding an intersecting point between the flow 

rate-head characteristic curve and the flow rate-power 
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consumption characteristic curve. 

(3) In case of inputting power consumption 

The power consumption of the motor during operations is 

measured with a wattmeter. By inputting the power consumption, 

5 it is possible to identify the operating pressure (head) and 

operating flow rate, as shown in FIG. 9, by finding an 

intersecting point between the flow rate-head characteristic 

curve and the flow rate-power consumption characteristic curve. 

The operating current of the motor can also be measured and 

10 inputted in place of the power consumption data. 

Actually, however, expensive measuring equipment is 

required to measure flow rate and power consumption, and such 

work is time-consuming. The operating pressure, on the other 

hand, can be easily calculated simply by attaching a compound 

15 pressure gauge to the suction side of the pump and a pressure 

gauge to the discharge side of the pump. 

It is convenient to find the actual head and input this 

value before utilizing the processing means. This is because 

it is possible to calculate the system head curve on the facility 

20 side (piping side) with the actual head. The following 

expressions are in relation to FIG. 10. 

25 

H1 - Ha = K1Q/ 

Therefore, K1 = (H1 - Ha) I Q1
2

, where H1 is the total head, 

Ha is the actual head, and 01 is the flow rate. 

Hence, by identifying 0 1 , H11 and H0 , it is possible to find 

Therefore, the resistance F on the facility side (piping 

side) can be found for any flow rate O, as follows: 
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F = H0 + K 1Q2 = H0 + {H 1 - Ho) (Q/Qi)
2 

The actual head can be accurately determined with a controller 

described later. If it is difficult to find the actual head, 

it is possible to input provisional values for approximately 

5 three types of actual heads, represented by models 1, 2, and 3 

in FIG. 11. 

Next, the function of the processing means will be 

described. 

In FIG. 12, the curve a 8 shows the flow rate-head 

10 characteristics of a pump identified by the first identifying 

means. The curve a 8 includes a plurality of points which are 

not shown. The coordinates of these points are defined by flow 

rate and head, as in ( q 11 hi), { q 2 , h2 ), •••• 

The processing means establishes a rotational speed ratio 

15 for these points. If the rotational speed ratio is 0.95, for 

example, then q 1 is shifted to q 1 x O. 95 and h 1 is shifted to h 1 

x 0.952
• This generates the points (0.95q1 , 0.952hi), (0.95q2 , 

o. 952h2 ), The curve a 7 is the line connecting these points. 

This process is repeated for rotational speed ratios of 0.90, 

20 0.85, 0.80, ••• to form curves a 6-a 1 • 

The curve /3 is the system head curve on the facility side 

{piping side) calculated by the above-described method shown in 

FIG. 1 O. The point denoted by ( 8) in the drawing is the actual 

operating point, while points ( 7 ) - ( 1 ) are the operating points 

25 obtained by calculations in case of varied rotational speeds. 

The curvey 8 indicates the flow rate-power consumption 

characteristics of the pump identified by the first identifying 

means. The curve y 8 includes a plurality of points which are 
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not shown. The coordinates of these points are defined by flow 

rate and power consumption, as in (q1, W1), (q2, W2), •••• 

The processing means establishes a rotational speed ratio 

for these points as described above. If the rotational speed 

5 ratio is 0.95, for example, then q 1 is shifted to q1 x 0.95 and 

w1 is shifted to w1 x 0. 95 3
• 

This example assumes that the pump efficiency and the motor 

efficiency do not change, even when the rotational speed changes. 

Nor does the example consider heat loss due to frequency 

10 conversion when using an inverter. The power consumption may 

be more accurately calculated by considering these factors. 

As described above, this process generates the points 

(0.9Sq11 0.95 3 w1 ), (0.95q2 , 0.95 3w2 ), •••• The curve 'Y 1 is the 

line connecting these points. This process is repeated for 

15 rotational speed ratios of O. 90, O. 85, O. 80, ••• to form curves 

'Y 6-'Y 1 • The power consumption corresponding to the operating 

points of (8)-(l) are indicated by points on the curves 'Y 8-

'Y i-

The triangle with diagonal lines in FIG. 12 indicates the 

20 design point of the equipment.· Hence, when a flow rate of 3500 

l/min is required, then the piping resistance that includes 

actual head is determined to be 3 8. 5 meters according to 

calculations. However, the point (8) is the actual operating 

point. 

25 The discrepancy between the design point and the actual 

operating point is generated by the factors described above 

(refer to the prior art section). In this example, the flow rate 

during actual operations exceeds the flow rate at the design 
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point by 40 percent. 

The processing means displays the proper rotational speed 

of the pump for the flow rate at the design point and the power 

consumption at that rotational speed (operating point) . In this 

5 example, point { 4} is the proper operating point. A comparison 

of the proper operating point ( 4) and the actual operating point 

{8) is shown in Table 1 below. 

Table 1 

~ Actual operating point Proper operating point 

(8) (4) 
m 

Flow rate 4900 I/min 3500 I/min 

Head 27.Sm 21 m 

Rotational speed ratio 1.0 0.8 

Power consumption 38kW 19 kW 

10 

As seen in the table, a 50 percent reduction in power 

consumption can be obtained. 

In the example described above, the flow rate at the design 

point is defined as the proper operating point. However, this 

15 is not always true. It is actually more common to set the flow 

rate at the design point slightly larger than the required flow 

rate in order to provide some margin. In this case, it is 

possible to further lower the rotational speed and further reduce 

power consumption. Hence, by performing operations at the 

20 "true" requirements, an energy-saving can be achieved. 

Establishing provisional values for the act~al head, as 
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shown in FIG. 11, would generate three curves /3 shown in FIG. 

12. In this case, it is possible to either identify one curve 

13 by further narrowing the conditions and output one diagnostic 

result by comparing this curve to the design point of the 

5 equipment, or output 3 diagnostic results based on comparing each 

curve /3 to the design point of the equipment. 

FIG. 13 is a flow chart showing an outline of the process 

flow performed in a diagnostic system for fluid machinery shown 

in FIGS. 1 through 12 and described above in detail. 

10 In step 1, data (the port diameter of the pump, rating 

output of the motor, and the like) for identifying the 

characteristics of the fluid machinery which is to be diagnosed 

and is actually in operation is inputted into the input device 

5. 

15 In step 2, data (measured values such as the operating 

pressure, operating flow rate, or the like) for identifying the 

operating point of the fluid machinery which is actually in 

operation is inputted into the input device 5. 

In step 3, data {the actual head or the like) for 

20 identifying the resistance characteristics on the facility side 

is inputted into the input device 5. 

In step 4, the transition of the operating point for the 

fluid machinery caused by a change in the rotational speed of 

the fluid machinery is calculated by the arithmetic unit 4 and 

25 displayed on the output device 6. 

In this manner, according to the present invention, the 

amount of wasteful energy consumed in the pump or its peripheral 

devices can be found without the need for bringing an inverter 
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5 

or the like to the work site. Accordingly, it is possible to 

clarify the return of investment or cost-effectiveness when 

introducing an inverter or the like, and therefore to help 

popularize energy saving systems on the market. 

As a means for eliminating wasteful energy found in the 

method described above, the present invention proposes a 

controller having a frequency converter as its main component. 

The applicant of the present invention proposes a performance 

regulating apparatus for the fluid machinery for use in 

10 combination with the present invention as an optimal controller. 

A suitable performance regulating apparatus for fluid 

machinery for use in combination with the present invention will 

be able to adjust or regulate the performance of a pump easily 

in order to save energy. Specifically, the performance 

15 regulating apparatus enables the performance of the pump to be 

adjusted simply by adding an inverter and essentially without 

changing the existing pump and control panel. 

Next, the performance regulating apparatus for fluid 

machinery will be described. 

20 FIG. 14 shows a mounting configuration of a performance 

regulating apparatus for fluid machinery according to a first 

embodiment of the present invention. A pump unit 101 comprises 

a pump 103 and a motor 104 mounted on a common base 102. Fluid 

introduced through a suction pipe 105 passes through a 

25 suction-s~de gate valve 106 and a short pipe 107 and is sucked 

into the pump 103 via a suction port 103a. After the pressure 

of the fluid is increased in the pump 103, the fluid is discharged 

from a discharge port 103b. The discharged fluid is introduced 
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into the discharge pipe 110 through a check valve 108 and a 

discharge-side gate valve 109. 

A performance regulating.apparatus 111 for fluid machinery 

(hereinafter referred to as regulating apparatus) is mounted on 

5 the short pipe 107 through a heat radiating means 112. The heat 

radiating means 112 is composed of an aluminum alloy having good 

thermal conductivity. In the present embodiment, the heat 

radiating means .112 is fixed to the regulating apparatus 111 by 

bolts (not shown), and also fixed to the short pipe 107 via u-bolts 

10 {not shown) • 

Electric power supplied from a control panel 113 is 

supplied from an input cable 114 as an input means of the 

regulating apparatus 111 to a frequency converter housed in the 

regulating apparatus 111, which converts the frequency of the 

15 supplied electric power. The electric power whose frequency has 

been converted is supplied from an output cable 115 as an output 

means of the regulating apparatus 111 to the electric motor 104. · 

Although heat loss occurs in the regulating apparatus 111 due 

to the frequency conversion, in the present embodiment, the 

20 generated heat is transferred to the fluid handled by the pump 

via the heat radiating means 112 and the short pipe 107. 

FIG. 15 shows a mounting configuration of a regulating 

apparatus according to a second embodiment of the present 

invention. A pump unit 101 comprises a pump 103 and a motor 104 

25 mounted on a common base 102. Fluid introduced through a suction 

pipe 105 passes through a suction-side gate valve 106 and a short 

pipe 107 and is sucked into the pump 103 via a suction port 103a. 

After the pressure of the fluid is increased in the pump 103, 
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the fluid is discharged from a discharge port 103b. The 

discharged fluid is introduced into the discharge pipe 110 

through a check valve 108 and a discharge-side gate valve 109. 

Electric power supplied from a control panel 113 is 

5 supplied from an input cable 114 as an input means of the 

regulating apparatus 111 to a frequency converter housed in the 

regulating apparatus 111, which converts the frequency of the 

supplied electric power. The electric power whose frequency has 

been converted is supplied from an output cable 115 as an output 

10 means of the regulating apparatus 111 to the electric motor 104. 

In the embodiment shown in FIG. 15, a heat radiating means 

112 is composed of a water-cooled jacket.of stainless steel, and 

is fixed to the regulating apparatus 111 by bolts (not shown) 

and to a flange bolt on the short pipe 107 via an L-shaped mounting 

15 bracket 116. The fluid discharged from the pump is introduced 

into the heat radiating means 112 via a small pipe 117, and 

subsequently bypassed into the suction side of the pump via a 

small pipe 118. 

In the present embodiment, heat generated during frequency 

20 conversion is radiated through the heat radiating means 112, the 

small pipe 117, and the small pipe 118 into the fluid handled 

by the pump. 

In the present embodiment, as shown in FIG. 15, a thermal 

insulation is provided in the area indicated by a dotted line 

25 119. This thermal insulation prevents heat from being 

transferred from the surface of the pipes to the atmosphere 

during cooling water circulation and the like. In this case, 

it is difficult to employ the mounting configuration of the first 
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embodiment shown in FIG. 14, but the mounting configuration of 

the present embodiment is effective. 

FIGS. 16A and 16B are views showing a detailed structure 

of the regulating apparatus shown in FIG. 14, and FIG. 16A is 

5 a plan view with partially cross-sectional part and FIG. 16B is 

a side view. 

A heat radiating means 112 is fixed to the short pipe 107 

by U-bolts 120. The input cable 114 and the output cable 115 

ensure an airtightness with the regulating apparatus 111 by a 

10 method similar to underwater cables used in submerged motor pumps, 

for example. An o-ring 121 is provided to prevent external air 

from being introduced into the apparatus through the contact 

surfaces of the heat radiating means 112 and the regulating 

apparatus 111. 

15 Next, the peripheral construction of the regulating 

apparatus 111 will be described with reference to FIG. 17 which 

is a cross-sectional view taken along line XVII-XVII of FIG. 16A. 

A frequency converter 48 is housed in a case comprising a base 

46 and a cover 4 7. The base 46 and the cover 4 7 are fixed together 

20 through a seal member 58 by bolts (not shown) to thereby keep 

an airtightness against external atmosphere. 

The frequency converter 48 is fixed closely to the base 

46 in order to transfer generated heat to the base 46. In the 

same manner, the base 46 and the heat radiating means 112, and 

25 the heat radiating means 112 and the short pipe 107 are closely 

fixed to each other, respectively. As a result, heat generated 

in the frequency converter is transferred efficiently to the 

fluid handled by the pump, thereby eliminating the need of a 
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cooling fan or the like used in general-purpose inverters . Hence, 

there is no fear of poor cooling caused by a fan failure. The 

heat radiating means 112 is fastened to the base 46 by bolts 55. 

Further, since the inside of the case is cut off from external 

5 atmosphere, the frequency converter is not likely to suffer from 

. insulation deterioration caused by weather or dew condensation. 

FIGS. 18A and 18B are views showing a detailed structure 

of the regulating apparatus shown in FIG. 15, and FIG. 18A is 

a front view with partially cross-sectional part and FIG. 18B 

10 is a plan view. A heat radiating means 112 is composed of a 

water-cooled jacket of stainless steel and is provided with a 

fluid inlet/outlet 122. The input cable, the output cable, and 

the o-ring 121 have the same structure as those in the example 

of FIG. 16. 

15 Next, the peripheral construction of the regulating 

· apparatus 111 will be described with reference to FIG. 19 which 

is a cross-sectional view taken along line XIX-XIX of FIG. 18A. 

A frequency converter 48 is housed in a case comprising a base 

46 and a cover 47. The base 46 and the cover 47 are fixed together 

20 through a seal member 58 by bolts {not shown) to thereby keep 

an airtightness against external atmosphere. 

The frequency converter 48 is fixed closely to the base 

46 in order to transfer generated heat to the base 46. In the 

same manner, the base 46 is closely fixed to the heat radiating 

25 means 112. As a result, heat generated in the frequency 

converter is transferred efficiently to the fluid handled by the 

pump, thereby eliminating the need of a cooling fan or the like 

used in general-purpose inverters. 
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Ribs 123 have three roles. The first role is to enhance 

the strength and rigidity of the heat radiating means 112 in order 

that the water-cooled jacket is not deformed by the pressure of 

the fluid. The second role is to guide the flow of fluid within 

5 the jacket in order to preserve its holding time therein. The 

third role is to improve the radiating effect by increasing the 

area of contact with the . fluid. According to the present 

embodiment, the apparatus can be easily and effectively cooled, 

even if ·a thermal insulation is provided around the piping. 

10 Next, a third embodiment of the present invention will be 

described with reference to FIGS. 20A and 20B. The basic 

structure of the apparatus in the third embodiment is the same 

as that in the first and second embodiments. However, the 

regulating apparatus 111 of the third embodiment is an air-cooled 

15 type that includes a coupling 126 joining the pump 103 and the 

motor 104 and utilizes the air flow generated by the rotation 

of the coupling 126. 

As shown in FIG. 20B (view as viewed from an arrow XX of 

FIG. 20A), a coupling guard is disposed around the coupling 126 

20 for preventing accidents. In the present embodiment, the 

coupling guard serves as a heat radiating means 112. 

Here, the coupling guard (heat radiating means) 112 is 

composed of an aluminum alloy and provided with a plurality of 

cooling ribs (fins) 128 for improving the cooling effect of the 

25 air flow described above. The structure of the case is the same 

as that in the first and second embodiments, and the case can 

withstand wind and rain. 

Next, the embodiment shown in FIGS. 21A and 21B will be 
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described. FIGS. 21A and 21B show another embodiment of the 

apparatuses shown in FIGS. 14 through 20, and FIG. 21A is a front 

view and FIG. 21B is a side view. In brief, the present 

embodiment is different from other embodiments in that the output 

5 cable 115 is provided on the base 46. 

10 

This construction is even simpler, because there is no need 

to mount the output cable 115 on the heat radiating means 112. 

Further, it is obvious that this construction can be applied both 

to the water-cooled jacket type and the air-cooled type. 

In FIGS. 16A, 16B, lBA, 21A, and 21B, a screw cap 124 is 

provided for ensuring an airtightness against external 

atmosphere via an o-ring (not shown) interposed therebetween. 

An adjusting means for adjusting output frequency is provided 

inside the screw cap 124. For example, the adjusting means 

15 comprises a rotary step switch for appropriately adjusting the 

rotational speed of the fluid machinery. 

As is intentionally not shown in the drawings, in the 

present invention, there is no component corresponding to a 

switch for turning output from the frequency converter on and 

20 off. Thus, the frequency converter is constructed to provide 

output automatically when electric power is supplied thereto. 

Accordingly, there is no restriction on a position where the 

apparatus is attached to the pipe. For example, the apparatus 

can be mounted at a position out of reach from children or in 

25 a small space, because the fluid machinery starts and stops 

simply by turning the power on and off. 

By incorporating the-performance regulating apparatus 

(hereinafter referred to as controller) for fluid machinery 
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shown in FIGS. 14 through 21B in the system of the present 

invention, it is possible to find the amount of wasteful energy 

in the fluid machinery with good accuracy. This controller can 

set the output frequency· to eight different settings at a 5 

5 percent step. Since these steps correspond to the rotational 

speed ratio of the processing means described above, it is 

possible to verify the actual power consumption while operating 

the system. In the processing means described above, heat loss 

by the inverter was ignored. However, an accurate value for 

10 power consumption can be calculated as measured data by actually 

driving the apparatus with the inverter. 

This controller serves as not only a means for estimating 

the amount of wasteful energy but also an extremely effective 

means for eliminating the estimated wasteful energy. This is 

15 because the controller can withstand use in the outdoors, which 

is a common installation site for pumps. The controller is not 

required to be housed in a control panel, and hence any special 

alteration or construction expenses are not required. The 

controller can be taken to the site, installed, and tested to 

20 determine whether it is cost-effective. Then, if it is 

cost-effective, the controller may be left installed. 

By using this controller, the actual head can be found with 

great accuracy. As shown in FIG. 22, the operating pressure 

(head) when the valve (gate valve) is open is compared to the 

25 operating pressure when the valve is closed, while varying the 

rotational speed of the pump, and the actual head is found at 

the point where there is no difference between the two operating 

pressures. As shown in Table 2, the actual head in this example 
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is 19 meters • 

Table 2 
I 

r 
I 

I 
I ; 

I 
I I I 

(5} I (4) I No. (8) I (7) (6) (3) (2) 
I (1) 

I 

I ! I I 

I 
Rotational speed ratio I I I . I I I 

I I 
1.0 0.95 I 0.90 1 0.85 . 0.80 0.75 I 0.71 0.67 h 

Valve closed / 41.5 I 37.5 I 33.51 30 
. I i I 

26 I 23 I 21 19 
I 

i Head >- Actual head: 19 m 
i 

I Valve open I I 29.5 I 27.5 23.s I I I (m) I 32 25.5 22 20 i 19 ; 

Accordingly, the actual head can be easily found using the 

5 controller of the present invention, even in the case where the 

actual head is difficult to be found (for example, with a complex 

piping system). By inputting this value into the input device 

5 and executing the processing means, the accuracy of the system 

is further improved. 

10 The first identifying means, the second identifying means, 

and the processing means described above are implemented as 

programs for operating a computer and stored on a storage medium. 

This storage medium can be incorporated into a notebook type 

personal computer or the like, which can be easily carried to 

15 the site of the pump installation. 

FIG. 23 shows an example of equipment that can be carried 

to the operating site of the fluid machinery to be diagnosed. 

This equipment includes a personal computer PC comprising a main 

controller 1 {having a control unit 3 and an arithmetic unit 4), 

20 a main storage unit 2, an input device 5, and an LCD forming part 

of an output device 6, all of which are shown in FIG. 1; a floppy 

disk (FD) or CD-ROM serving as the storage medium for storing 

the above programs; and a printer PR forming another part of the 
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output device 6. The equipment further includes a compound 

pressure gauge Cpa attached to the suction side of the fluid 

machinery such as a pump; a pressure gauge PG attached to the 

discharge side; and a power meter Pw for measuring power 

5 consumption of the motor for driving the fluid machinery. 

As described above, the present invention can find the 

amount of wasteful energy consumption in the fluid machinery and 

its peripheral devices. Specifically, the amount of wasteful 

energy consumed in the fluid machinery and its peripheral devices 

10 can be estimated without installing an inverter on the site. 

Accordingly, the return of investment of introducing an inverter 

or the like can be found to help popularize energy cons~rving 

equipment on the market. 

The controller (performance regulating apparatus) of the 

15 present invention makes it possible to identify and eliminate 

wasteful energy. Since the controller of the present invention 

has the effect of decreasing the rotational speed of the fluid 

machinery, it can be expected to extend the life of the bearings, 

mechanical seals, and the like. 

20 The present invention can perform its energy saving 

diagnosis without shutting off the pump, changing the opening 

degree of the valve, or causing some other hindrance to the user's 

equipment. In other words, the diagnosis can be executed during 

equipment operations, on a workday rather than a holiday. 

25 The present invention is also suitable when an energy 

saving diagnosis of greater accuracy is required. This 

procedure, however, requires that the equipment is shut down or 

data is gathered in case of changing the opening degree of the 
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valve. 

The present invention can be applied in various situations 

t9 perform appropriate measures as required by the circumstances, 

such as adding a controller or converting the fluid machinery 

5 to a small fluid machinery having a one rank smaller capacity. 

Further, since the loss in the piping side {facility side) 

can be found, it is possible to perform a simple trial calculation 

of energy conservation achieved by increasing the piping 

diameter by one rank. 

10 Next, a method for identifying characteristics of fluid 

15 

machinery according to the present invention will be described 

based on the example of a centrifugal pump. The following method 

employs the first and second identifying means of the embodiments 

shown in FIGS. 1 through 13. 

Generally, models of centrifugal pumps are designed so as 

to cope with port diameters, motor output and rotational speed. 

The range of flow rate is approximately determined by the port 

diameter and the rated rotational speed of the motor, and the 

head is approximately determined by the motor output. Therefore, 

20 the specific sp~ed N5 of the centrifugal pump can be estimated 

from its port diameter, the number of impeller stages, and the 

motor output and rotational speed. Here, the specific speed N5 

is defined by the following expression and used at the design 

stage. 

25 N5 = NQ112 I H314 

Here, N denotes the rotational speed, Q the flow rate, and H the 

head at a single impeller stage. 

Characteristics of the pump including the flow rate-head 
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characteristics and flow rate-shaft power characteristics vary 

according to specific speed. The pump efficiency also varies 

according to specific speed. The above pump characteristics 

(the flow rate-head characteristics and flow rate-shaft power 

5 characteristics) can be depicted for specific speeds as 

dimensionless characteristics of the pump, shown in FIG. 24. The 

pump efficiency can be arranged as specific speed-pump 

efficiency characteristics, shown in FIG. 25. In FIG. 24, the 

horizontal axis represents dimensionless flow rate {Q), while 

10 the vertical axis represents both dimensionless head (H) and 

dimensionless shaft power (kW). The characteristics of the pump 

are indicated for specific speeds (Ns) of 560, 400, 280, ••• , 

so. In FIG. 25, the horizontal axis represents specific speed 

( Ns) , while the vertical axis represents pump efficiency TJ ( % ) • 

15 Hence, by setting representative points (flow rate, head, 

and shaft power having dimensions) in FIG. 24, it is possible 

to estimate the overall pump characteristics as provisional 

characteristics. 

Once the provisional characteristics of the pump have been 

20 estimated, the characteristics of the fluid machinery can be 

identified l?Y correcting the provisional characteristics so that 

they match the pump operating point (flow rate) and measured data 

(head and power consumption) during pump operations. Data for 

FIGS. 24 and 25 is prepared in a database. 

25 Next, the stages of estimating provisional pump 

characteristics, identifying the operating point (flow rate), 

and correcting the provisional characteristics are described 

with reference to FIGS. 26A through 26D. Here, the provisional 
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5 

characteristics are corrected using flow rate calculated from 

the head and power consumption during current operations and 

estimated values of the efficiency of the fluid machinery and 

the efficiency of the motor. 

In the step shown in FIG. 26A, data is inputted into the 

input device 5 shown in FIG. 1. This data includes the pump type 

data including the port diameter(¢) and the number of stages 

{STG); the motor data including rated output {P0 ) and rated 

rotational speed (N); and measured data including the head (H) 

10 and power consumption (Pi) during current operations. 

Next, the main controller 1 shown in FIG. 1 performs the 

following five steps to create the provisional pump 

characteristics shown in FIG. 26B. In step 1, the specific speed 

(N5 ) is identified by the pump port diameter { ¢) and the number 

15 of stages (STG), the rated output (P0 ) of the motor and the rated 

rotational speed (N) of the motor. In step 2, the flow rate at 

the best efficiency point ( QBEP) is identified by the pump port 

diameter ( ¢ ) and the number of stages ( STG) , the rated rotational 

speed (N) of the motor, and the specific speed (N5 }. Here, QBEP 

20 is defined as flow rate at the best efficiency point. In step 

3, the pump efficiency (T/p) is identified by the pump port 

diameter (¢) and the number of stages (STG) and the specific 

speed (N5 ). In step 4, the head at the best efficiency point 

{HeEP) is calculated according to the expression H8EP = TJ 

25 p'P0 /0.163·y·Q8EP. Here, HeEP is defined as pump heat at the best 

efficiency point, and y is the specific weight of the fluid. In 

step 5, provisional pump characteristics as shown by the dotted 

lines in FIG. 26B are created using the dimensionless 
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characteristics of the pump shown in FIG. 24 based on the 

identified specific speed and representative point [ (QeEP' HeEP) 

and (OeEP' P0 }]. That is, a flow rate-head characteristic curve 

corresponding to the specific speed (N5 ) identified in step 1 

5 is selected from F-IG. 24. Then, a provisional flow rate-head 

characteristic curve is created by depicting the selected flow 

rate-head characteristic curve such that the point (l.O, 1.0) 

in FIG. 24 overlaps the point (QBEP' HeEP) in FIG. 26B. Further, 

a flow rate-shaft power characteristic curve corresponding to 

10 the specific speed (N5 ) identified in step 1 is selected from 

FIG. 24. Then, a provisional flow rate-shaft power 

characteristic curve is created by depicting the selected flow 

rate-shaft power characteristic curve such that the point ( 1. O, 

1.0) in FIG. 24 overlaps the point (OeEP' P0 ) in FIG. 26B. Data 

15 for steps 1-3 is prepared in a database. 

Next, the flow rate identification shown in FIG. 26C is 

performed according to the following two steps • In step 1, the 

motor efficiency ( 77M) is identified by the rated output (P0 } of 

the motor. In this case, the data is stored in a database in 

20 order that the motor efficiency ( 77 M) can be identified by 

inputting the rated output (P0 ) of the motor. In step 2, the 

current flow rate (Q) is calculated according to the expression 

Q = 77M • 71p · Pi/O .163 ·y · H. Since the current flow rate ( Q) and the 

motor efficiency (77H) are identified in steps 1 and 2 and the 

25 current head (H) is known, the identified operating point can 

be illustrated in a graph of flow rate-head shown in FIG. 26C. 

Further, the identified operating point can be illustrated in 

a graph of flow rate-shaft power by calculating Pi·71M. 
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Next, the following two steps are performed to identify 

pump characteristics by correcting provisional pump 

characteristics, as shown in FIG. 26D. The dotted line in FIG. 

26D denotes the provisional pump characteristics, while the 

5 solid line indicates the corrected pump characteristics. In 

step 1, the provisional head characteristics are corrected by 

the ratio HA/He. In step 2, the provisional shaft power 

characteristics are corrected by the ratio PA/Pa. Here, HA and 

PA are the head and the shaft power at the operating point 

10 specified in FIG. 26C. Ha and Pa are the head and the shaft power 

on the provisional pump characteristic curve at the current flow 

rate (Q). 

Next, the stages of estimating provisional pump 

characteristics, identifying the operating point (flow rate), 

15 and correcting the provisional characteristics are described 

with reference to FIGS. 27A through 27D. Here, the provisional 

characteristics are corrected using flow rate calculated from 

the head and the power consumption during current operations and 

estimated values of the efficiency of the fluid machinery and 

20 the efficiency of the motor, and the head and the power 

consumption during shutoff operations. 

In the step shown in FIG. 27A, data is inputted into the 

input device 5 shown in FIG. 1. This data includes the pump type 

data including the port diameter(¢) and the number of stages 

25 (STG); the motor data including rated output (P0 ) and rated 

rotational speed (N); and measured data including the head (H) 

and power consumption (Pi) during current operations, and the 

head (H5 ) and power consumption (Pis} during shutoff operations. 
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Next, the main controller 1 shown in FIG. 1 performs the 

following three steps to create the provisional pump 

characteristics shown in FIG. 27B. In step 1, the specific speed 

(N5 ) is identified by the pump port diameter ( ¢) and the number 

5 of stages (STG}, the rated output (P0 ) of the motor and the rated 

rotational speed ( N) of the motor. In step 2, the flow rate at 

the best efficiency point ( Q8E~) is identified by the pump port 

diameter ( ¢) and the number of stages (STG), the rated rotational 

speed (N) of the motor, and the specific speed {N5 ). In step 

10 3, provisional pump characteristics as shown in FIG. 27B are 

created by setting Q8EP as the representative ·point in the X 

direction and head {H5 ) and power consumption (Pis) during 

shutoff operations as the representative point in the Y direction. 

Here, the provisional pump characteristics are created using the 

15 dimensionless characteristics of the pump shown in FIG. 24, as 

described in the embodiment shown in FIGS. 26A through 26D. Data 

for steps 1 and 2 is prepared in a database. 

Next, the flow rate identification shown in FIG. 27C is 

performed according to the following two steps • In step 1 , the 

20 motor efficiency ( 7JM) is identified by the rated output (P0 ) of 

the motor. In this case, the data is stored in a database in 

order that the motor efficiency ( Tl M) can be identified by 

inputting the rated output. (P0 ) of the motor. In step 2, the 

current flow rate ( Q) is calculated according to the expression 

25 Q = nM·7Jp·Pi/0.163·y·H. Since the current flow rate (Q) and the 

motor efficiency (TlK) are identified in steps 1 and 2 and the 

current head {H) is known, the identified operating point can 

be illustrated in a graph of flow rate-head shown in FIG. 27C. 
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Further, the identified operating point can be illustrated in 

a graph of flow rate-shaft power by calculating Pi·nM. 

Next, the following two steps are performed to identify 

pump characteristics by correcting provisional pump 

5 characteristics, as shown in FIG. 27D. The dotted line in FIG. 

27D denotes the provisional pump characteristics, while the 

solid line indicates the corrected pump characteristics. In 

step 1, the provisional flow characteristics are corrected by 

the ratio Q/Q8 • In step 2, the shaft power curve is corrected 

10 to approximate a curve· through points (0, Pis·nM) and (Q, Pi· 

nM) • 

Next, the stages of estimating provisional pump 

characteristics, identifying the operating point (flow rate), 

and correcting the provisional characteristics are described 

15 with reference to FIGS. 28A through 28D. Here, the provisional 

characteristics are corrected using flow rate calculated from 

the head and the power consumption during current operations and 

estimated values of the efficiency of the fluid machinery and 

the efficiency of the motor, and the head and the power 

20 consumption during operations when the valve is fully open. 

In the step shown in FIG. 28A, data is inputted into the 

input device 5 shown in FIG. 1. This data includes the pump type 

data including the port diameter(¢) and the number of stages 

(STG); the motor data including rated output {P0 ) and rated 

25 rotational speed ( N) ; and measured data including the head ( H) 

and the power consumption (Pi) during current operations, and 

the head (Hv) and the power consumption (Piv) during operations 

when the valve is fully open. 
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Next, the main controller 1 shown in FIG. 1 performs the 

following five steps to create the provisional pump 

characteristics shown in FIG. 28B. In step 1, the specific speed 

(N5 ) is identified by the pump port diameter ( ¢) and the number 

5 of stages (STG), the rated output {P0 ) of the motor and the rated 

rotational speed ( N) of the motor. In step 2, the flow rate at 

the best efficiency point (Q0 p) is identified by the pump port 

diameter ( ¢ } and the number of stages ( STG) , the rated rotational 

speed (N) of the motor, and the specific speed {N5 ). In step 

10 3, the pump efficiency (7Jp) is identified by the pump port 

diameter(¢) and the number of stages {STG) and the specific 

speed {N5 ). In step 4, the head at the best efficiency point 

(H8EP) is calculated according to the expression H8EP = TJ 

F·P0/0.163·y·Q8EP" In step 5, provisional pump characteristics 

15 as shown by the dotted lines in FIG. 28B are created based on 

the identified specific speed and representative point [ (QsEP' 

H8EP) and (OaEP' P0 )]. Here, the provisional pump characteristics 

are created using the dimensionless characteristics of the pump 

shown in FIG. 24, as described in the embodiment shown in FIGS. 

20 26A through 26D. Data for steps 1-3 is prepared in a database. 

Next, the flow rate identification shown in FIG. 28C is 

performed according to the following two steps. In step 1 , the 

motor efficiency { TJM) is identified by the rated output (P0 ) of 

the motor. In this case, the data is stored in a database in 

25 order that the motor efficiency { 7J M) can be identified by 

inputting the rated output {P0 ) of the motor. In step 2, the 

current flow rate ( Q) is calculated according to the expression 

Q = 7JM· T}p·Pi/0.163 ·y·H. Since the current flow rate (Q) and the 
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motor efficiency (77M) are identified in steps 1 and 2 and the 

current head (H) is known, the identified operating point can 

be illustrated in a graph of flow rate-head shown in FIG. 28C. 

Further, the identified operating point can be illustrated in 

5 a graph of flow rate-shaft power by calculating Pi·nH. 

Next, the following five steps are performed to identify 

pump characteristics by correcting provisional pump 

characteristics, as shown in FIG. 28D. The dotted line in. FIG. 

28D denotes the provisional pump characteristics, while the 

10 solid line indicates the corrected pump characteristics. In 

step 1, the provisional head characteristics are corrected by 

In step 2, the provisional shaft power 

characteristics are corrected by the ratio PA/PB. Here, HA and 

PA are the head and the shaft power at the operating point 

15 specified in FIG. 28C. HB and PB are the head and the shaft power 

on the provisional pump characteristic curve at the current flow 

rate (Q). In step 3, the flow rate (Qv} during operations when 

the valve is fully open is identified from the head (Hv) during 

operations when the valve is fully open. In step 4, the shaft 

20 power (Piv· nM) during Ov is identified. In step 5, the shaft 

power curve is corrected to approximate a curve through points 

(Q, Pi· nM) and (Qvr Piv· 77M). 

Next, the stages of estimating provisional pump 

characteristics, identifying the operating point (flow rate), 

25 and correcting the provisional characteristics are described 

with reference to FIGS. 29A through 29D. Here, the provisional 

characteristics are corrected using flow rate calculated from 

the head and the power consumption during current operations and 
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5 

estimated values of the efficiency of the fluid machinery and 

the efficiency of the motor, and the head and the power 

consumption during both shutoff operations and operations when 

the valve is fully open. 

In the step ·shown in FIG. 29A, data is inputted into the 

input device 5 shown in Fr'G. 1. This data includes the pump type 

data including the port diameter (¢) and the number of stages 

(STG); the motor data including rated output (P0 ) and rated 

rotational speed (N); and measured data including the head (H) 

10 and the power consumption {Pi) during current operations, the 

head (H5 ) and the power consumption (Pis) during shutoff 

operations, and the head (Hv) and the power consumption (Piv) 

during operations when the valve is fully open. 

Next, the main controller 1 shown.in FIG. 1 performs the 

15 following three steps to create the provisional pump 

characteristics shown in FIG. 29B. In step 1, the specific speed 

(N5 ) is identified by the pump port diameter ( ¢) and the number 

of stages (STG), the rated output {P0 ) of the motor and the rated 

rotational speed (N) of the motor. In step 2, the flow rate at 

20 the best efficiency point ( QBEP) is identified by the pump port 

diameter ( ¢) and the number of stages (STG), the rated rotational 

speed (N) of the motor, and the specific speed (N5 ). In step 

3, provisional pump characteristics as shown in FIG. 29B are 

created by setting QBEF as the representative point in the X 

25 direction and the head ( H5 ) and the power consumption (Pis) during 

shutoff operations as the representative point in the Y direction. 

Here, the provisional pump characteristics are created using the 

dimensionless characteristics of the pump shown in FIG. 24, as 
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described in the embodiment shown· in FIGS. 26A through 26D. Data 

for steps 1 and 2 is prepared in a database. 

Next, the flow rate identification shown in FIG. 29C is 

perf armed according to the following two steps • In step 1 , the 

5 motor efficiency ( '7M} is identified by the rated output (Po} of 

the motor. In this case, the data is stored in a database in 

order that the motor efficiency ( '7 M) can be identified by 

inputting the rated output (P0 ) of the motor. In step 2, the 

current flow rate (Q) is calculated according to the expression 

10 Q = 77M· np·Pi/0.163 ·y·H. Since the current flow rate (Q) and the 

motor efficiency ('7M) are identified in steps 1 and 2 and the 

current head (H) is known, the identified operating point can 

be illustrated in a graph of flow rate-head shown in FIG. 29C. 

Further, the identified operating point can be illustrated in 

15 a graph of flow rate-shaft power by calculating Pi·77M. 

Next, the following two steps are performed to identify 

pump characteristics by correcting provisional pump 

characteristics, as shown in FIG. 29D. The dotted line in FIG. 

29D denotes the provisional pump characteristics, while the 

20 solid line indicates the corrected pump characteristics. In 

step 1, the provisional flow characteristics are corrected by 

the ratio Q/Q8 • In step 2, the shaft power curve is corrected 

to approximate a curve through points (0, Pis·77M), (Q, Pi·n 

M), and ( Ov, Piv · '7M). 

25 Next, the stages of estimating provisional pump 

characteristics, identifying the operating point (flow rate), 

and correcting the provisional characteristics are described 

with reference to FIGS. 30A through 30D. Here, the operating 
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point {flow rate) is identified from the provisional 

characteristics and the head during current operations, while 

the provisional characteristics are corrected according to the 

current power consumption. 

5 In the step shown in FIG. 30A, data is inputted into the 

input device 5 shown in FIG. 1. This data includes the pump type 

data including the port diameter ( r/> ) , the number of stages ( STG) , 

a first element ( Ql, Hl), and a second element ( Q2, H2); the motor 

data including rated output (P0 ) and rated rotational speed (N}; 

10 and measured data including the head (H) and the power 

consumption (Pi} during current operations. 

Next, the main controlle_r 1 shown in FIG. 1 performs the 

following five steps to create the provisional pump 

characteristics shown in FIG. 30B. In step 1, the specific speed 

15 (N5 ) is identified by the pump port diameter ( r/>) and the number 

of stages ( STG) , the rated output ( P0 ) of the motor and the rated 

rotational speed (N) of the motor. In step 2, the shutoff head 

(H5 ') is assumed based on the equation H5 ' = (Hl + 2 x H2)/3. 

·In step 3, a head curve is created so as to pass through the points 

20 (O, H5 ') and (Q2, H2), as indicated by the dotted line, and a 

shaft power curve is created so as to pass through the point (QKAX, 

P0 ), as indicated by the dotted line, based on the identified 

specific speed (N5 ). Here, the provisional pump characteristics 

are created using the dimensionless characteristics of the pump 

25 shown in FIG. 24. In step 4, the point (Q2, H2) is set as the 

point of origin, and the head curve indicated by a solid line 

is created by correcting the head at a ratio l:lH/ ( Hl - H2) • In 

step 5, the shaft power curve indicated by the two-dot chain line 
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is created by applying the corrected value for the head curve 

having its origin at ( o, O) to the shaft power curve. Data for 

step 1 is prepared in a database. 

Next, the flow rate identification shown in FIG. 30C is 

5 performed according to the following two steps. In step 1, the 

motor efficiency ( 1JM) is identified by the rated output (P0) of 

the motor. In step 2, the current operating flow rate (Q) is 

identified by the head (H) during current operations. In 

addition, the current shaft power (Pi· 1JM) is identified by 

10 calculating Pi· 17M. Data for step 1 is prepared in a database. 

Next, the following step is performed to identify pump 

characteristics by correcting provisional pump characteristics, 

as shown in FIG. 30D. In this step, the shaft power curve 

indicated by a solid line is created by correcting the shaft power 

15 curve at the ratio (Pi· 1JM) /PA. 

Next, the stages of estimating provisional pump 

characteristics, identifying the operating point {flow rate), 

and correcting the provisional characteristics are described 

with reference to FIGS. 31A through 31D. Here, the operating 

20 point (flow rate) is identified from the provisional 

characteristics and the head during current operations, while 

the provisional characteristics are corrected according to the 

current power consumption and the head and the power consumption 

when the valve is fully open. 

25 In the step shown in FIG. 31A, data is inputted into the 

input device 5 shown in FIG. 1. This data includes the pump type 

data including the port diameter ( ¢), the number of stages (STG), 

a first element ( Ql, Hl} , and a second element ( Q2, H2) ; the motor 

50 



data including rated output (Po) and rated rotational speed (N); 

and measured data including the head (H) and power consumption 

(Pi) during current operations, and the head (Hv) and the power 

consumption (Piv) during operations when the valve is fully open. 

5 Next, the main controller 1 shown in FIG. 1 performs the 

following five steps to create the provisional pump 

characteristics shown in FIG. 31B. In step 1, the specific speed 

( N5 ) is identified by the pump port diameter ( ¢) and the number 

of stages ( STG) , the rated output ( P0 ) of the motor and the rated 

10 rotational speed (N) of the motor. In step 2, the shutoff head 

(H5 ') is assumed based on the equation H5 ' = (Hl + 2 x H2)/3. 

In step 3, a head curve is created so as to pass through the points 

( O, H5 ') and { Q21 H2 ), as indicated by the dotted line, and a shaft 

power curve is created so as to pass through the point (QMAX, P0), 

15 as indicated by the dotted line, based on the identified specific 

speed (N5 ). Here, the provisional pump characteristics are 

created using the dimensionless characteristics of the pump 

shown in FIG. 24. In step 4, the point (Q2, H2) is set as the 

point of origin, and the head curve indicated by a solid line 

20 is created by correcting the head at a ratio AH/ (Hl - H2). In 

step 5, the shaft power curve indicated by the two-dot chain line 

is created by applying the corrected value for the head curve 

having its origin at ( O, O) to the shaft power curve. Data for 

step 1 is prepared in a database. 

25 Next, the flow rate identification shown in FIG. 31C is 

performed according to the following two steps • In step 1, the 

motor efficiency ( 17M) is identified by the rated output (P0 ) of 

the motor. In step 2, the current operating flow rate (Q) is 
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identified by the head (H) during current operations. In 

addition, the current shaft power (Pi· 'TJM) is identified by 

calculating Pi· 'TJM· Data for step 1 is prepared in a database. 

Next, the following three steps are performed to identify 

5 pump characteristics by correcting provisional pump 

characteristics, as shown in FIG. 31D. In step 1, the shaft power 

curve is corrected by the ratio (Pi· 'TJM) /PA. In step 2, the flow 

rate (Ov) when the valve is fully open is identified by Bv, and 

the shaft power {Piv· TJ M) when the valve is fully open is 

10 identified. In step 3, ·the shaft power curve is approximated 

to a curve passing through the points (Q, Pi·TJM) and (Ov, Piv· 

17M} • 

As described above, one of the methods shown in FIGS. 26A 

through 3 lD is used to estimate provisional pump characteristics, 

15 identify the operating point (flow rate), and correct the 

provisional characteristics in order to identify the pump 

characteristics. Accordingly, the characteristic curves shown 

in FIG. 6 can be identified even when pump experimental data 

cannot be obtained. Therefore, the diagnostic system of the 

20 present invention can function at a relatively high precision. 

The diagnostic system shown in FIGS. 1 through 3 lD performs 

a diagnosis by measuring power consumption and the like at the 

work site while the pump is performing actual operations. Hence, 

although the diagnostic precision may be high, gathering data 

25 is time-consuming. 

Specifically, the diagnostic system shown in FIGS. 1 

through 31D requires a so-called main diagnosis in which the 

system is tested at the work site while the pump is in actual 
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operations. Therefore, the inventors of the present invention 

have studied a method for learning the return of investment or 

cost-effectiveness when introducing an inverter, wherein a 

simple theoretical diagnosis is conducted prior to performing 

5 the main diagnosis at the work site. Here, the return of 

investment or cost-effectiveness is defined as the effect of 

reducing power consumption by introducing an inverter in 

relation to the cost of introducing the inverter. By performing 

this simple pre-diagnosis, it is possible to occasionally omit 

10 the main diagnosis and reduce the cost of the diagnoses. 

Next, an energy-saving pre-diagnostic system for saving 

energy in fluid machinery according to a first embodiment of the 

present invention will be described with reference to the 

drawings. The mechanical construction of the energy-saving 

15 pre-diagnostic system for fluid machinery according to the 

present embodiment is similar to the construction shown in FIG. 

1. In the present embodiment, the fluid machinery will be 

described using the example of a pump. 

As shown in FIG. 1, the energy-saving pre-diagnostic 

20 system for fluid machinery comprises a main controller 1 for 

controlling the overall system, and a main storage unit 2 

connected to the main controller 1. The main controller 1 

includes a control unit 3 and an arithmetic unit 4. The main 

controller 1 is also connected to an input device 5 including 

25 a keyboard, mouse, or the like and an output device 6 including 

a printer, display, or the like. 

The main controller 1 has an internal memory (not shown) 

for storing control programs such as an operating system, a 
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program prescribing the diagnostic procedure for the fluid 

machinery, and required data. The main storage unit 2 includes 

a hard disk, floppy disk, optical disk, or the like and stores 

data for various models of pumps currently appearing on the 

5 market. However, the pump data can also be inputted each time 

into the input device s. 
FIG. 32 is a view 

characteristics and the 

characteristics of the pump. 

showing the flow rate-head 

flow rate-power consumption 

In FIG. 32, the horizontal axis 

10 represents flow rate (l/min), while the vertical axis represents 

total head (m) or the power consumption (kW). 

The flow rate-head and flow rate-power consumption data 

for motor pumps driven by a commercial AC power supply is prepared 

in advance in the form of a general test report or a representative 

15 characteristic curve. By inputting approximately 5 points from 

the results (five points shown by dots in FIG. 32), it is possible 

to draw the curves a 8 and y8 shown in FIG. 32 using an appropriate 

function. 

The filled-in area of roughly triangular shape shown in 

20 the diagram indicates the design specifications of the equipment 

side. Since it is known that the energy loss in piping is 

proportional to the square of the flow rate, it is possible to 

draw a system head curve /3 through the design specifications 

of the equipment by inputting the actual head (that is, the 

25 resistance in the pipeline at zero flow rate). 

If the actual head is not known, the value, for example, 

50% of the head in the design specifications can be estimated. 

The present invention comprises a calculating means for 
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calculating the reduced amount of power consumption when using 

a frequency converter to decrease the rotational speed of the 

fluid machinery. Next, the function of the calculating means 

is described with reference to FIG. 33. 

5 The curve a 8 of FIG. 33 includes a plurality of points which 

are not shown. The coordinates of these points are defined by 

flow rate and head, as in (q1 , hi), (q2, h2), . • • • 

The calculating means establishes a rotational speed ratio 

for these points. If the rotational speed ratio is 0.95, for 

10 example, then q 1 is shifted to q 1 x O. 95 and h 1 is shifted to h 1 

x 0.95 2
• This generates the points (0.95q1 , 0.952hi), (0.95q2 , 

o. 95 2h 2 ), The curve a 7 is the line connecting these points. 

This process is repeated for rotational speed ratios of 0. 8, O. 85, 

O. 8 O , • • • to form curves a 6- a 1 • 

15 The curve /3 is the system head curve on the facility side 

(piping side) calculated by the above-described method. The 

. point denoted by ( 8) in the drawing is the actual operating point, 

while points ( 7) - { 1) are the operating points obtained by 

calculations with varied rotational speeds. However, the true 

20 operating point often has a larger flow rate than necessary, in 

order to allow some margin in the estimations of design 

specifications for piping loss. 

The curve y 8 includes a plurality of points which are not 

shown. The coordinates of these points are defined by flow rate 

25 and power consumption, as in { gi, w1 ) , ( g21 w2 ) , •••• 

The calculating means establishes a rotational speed ratio 

for these points as described above. If the rotational speed 

ratio is 0.95, for example, then q 1 is shifted to q1 x 0.95 and 

-------·--- ------·-··-··--
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w1 is shifted to w1 x 0. 95 3
• 

This example assumes that the pump efficiency and the motor 

efficiency do not change, even when the rotational speed changes. 

Nor does the example consider heat loss due to frequency 

5 conversion when using an inverter. The power consumption can 

be more accurately calculated by considering these factors. 

As described above, this process generates the points 

(0.95q1 , 0.95 3wi), (0.95%, 0.95 3
W2 ), •••• The curve Y 7 is the 

line connecting these points. This process is repeated for 

10 rotational speed ratios of O. 90, 0. 85, O. 80, ••• to form curves 

y 6- ')' 1" 

15 

The power consumption corresponding to the operating 

points of (8)-(l) is indicated by points on the curves Y8-Y 

1. 

FIG. 34 shows an example of actual output (printout) from 

the output device 6 for the characteristics described in FIG. 

33. That is, FIG. 34 is a view showing a diagnostic result 10 

outputted by the output device 6. The two graphs in FIG. 34 show 

the flow rate-head characteristic curves and the flow rate-power 

20 consumption characteristic curves found in FIG. 33. A table at 

the bottom of FIG. 34 is represented by the letter A. This 

portion A is enlarged and shown in FIG. 35. This portion ~ of 

FIG. 34 is a table showing calculated values of power consumption 

reductions. The items in the first column of FIG. 35 indicate 

25 the flow rate during actual operations for fluid machinery driven 

by a commercial power source; cases when using an inverter to 

meet the design flow rate; and cases when using an inverter to 

reduce the flow rate below the design flow rate. 
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Items in the top row of the table include the rotational 

speed ratio ( 1. O when driven by a connnercial power source) , power 

consumption, the amount of power consumption (calculated from 

the work time inputted separately from power consumption} , co2 

5 emissions (calculated using a coefficient indicated in the 

diagram for the amount of power consumption) , reduction of power 

consumption, reduced power costs (calculated using the unit 

price 13 yen/kWh), and reduction ratio (electric 

energy·C02 ·electric power cost). 

10 In this example, an energy savings of 18% can be achieved 

simply by matching the flow rate to the design value, amounting 

to a reduction in energy costs of 286,000 yen/year. If the design 

flow rate itself has been estimated with some margin, it may be 

possible to reduce the flow rate by 10%, for example, thereby 

15 achieving an energy savings of 40%, and amounting to a reduction 

in energy costs of 639,600 yen/year. In this manner, it is 

possible to estimate the length of time required to recover an 

investment for installing an inverter. 

The calculating means for calculating how much power 

20 consumption can be reduced when using a frequency converter to 

decrease the rotational speed of the fluid machinery and the 

processing means for displaying the calculated results, as 

described above, are implemented as programs for operating a 

computer and stored on a storage medium. This storage medium 

25 can be incorporated into a personal computer or the like. 

FIG. 36 is a schematic view showing an example of an 

energy-saving pre-diagnostic system for fluid machinery 

implemented by a personal computer. This system includes a 
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personal computer PC comprising a main controller 1 {having a 

control unit 3 and an arithmetic unit 4), a main storage unit 

2, an input device 5, and an LCD forming part of an output device 

6, all of which are shown in FIG. 1; a floppy disk (FD) or CD-ROM 

5 serving as the storage medium for storing the above programs; 

and a printer PR forming another part of the output device 6. 

As described above, the present invention can find in 

advance the amount of wasteful energy consumption in the fluid 

machinery and its peripheral devices. With the system of the 

10 present invention, it is easy to calculate the amount of energy 

savings possible using an inverter or the like to adjust the 

rotational speed, without performing actual operations with the 

fluid machinery at the work site. Accordingly, the return of 

investment or cost-effectiveness of introducing an inverter or 

15 the like can be found, and this can help popularize energy 

conserving equipment on the market. 

Next, a method and material for displaying characteristics 

of the fluid machinery according to an embodiment of the present 

invention will be described with reference to drawings. 

20 FIG. 37 shows an example of applying the present invention 

to a motor-driven centrifugal pump. Here, the motor is a 3-

phase induction motor. The outer rectangle 10 describes the 

periphery of a flat surface 11 comprising a display material, 

such as space in a catalog. Curves 12 showing the Q-H 

25 characteristics, and data 14, 15, and the like relating to power 

consumption are recorded on the surface 11. 

The curves (Q-H characteristic curves) 12 indicate the Q-H 

characteristics plotted according to the discharge amount 
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represented by the horizontal axis and the total head represented 

by the vertical axis. One curve 12 is recorded for each frequency 

supplied to the motor. There are nine frequencies in this 

example. An operating frequency 13 for the pump motor is 

5 numerically recorded adjacent to each curve 12. These curves 

12 can either all be the measured data or can be the calculated 

values based on the function (1) provided below. 

10 

Q oc N 

Hoc N2 

Noc F 

W oc N3 ( 1 ) 

Here, Q is the discharge amount, H the total head, N the 

rotational speed, F the frequency, and w the power consumption. 

An approximate power consumption 14 and an approximate 

15 annual energy charge 15 are numerically recorded adjacent to the 

curves 12 as data related to power consumption. The power 

consumption (energy charge) varies according to the operating 

point, that is, the discharge flow rate, even at the same 

frequency. In this example, however, the power consumption at 

20 the discharge flow rate in maximum load {within the range of pump 

selections when driven by a commercial power supply) is set as 

the representative point and recorded adjacent to the Q-H 

characteristic curves 12. 

Specifically, an approximate power consumption 14a and an 

25 approximate annual energy charge !Sa are recorded adjacent to 

the curves 12 for a frequency of 50 Hz when a commercial power 

source of a frequency of 50-Hz supplies power directly to the 

motor. An approximate power consumption 14b including heat loss 
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from the inverter and an approximate annual energy charge 15b 

are recorded adjacent to the curves 12 for all other frequencies 

when using an inverter. The approximate power consumption 14b 

and the approximate annual energy charge 15b show the reduction 

5 in power consumption from the value at 50 Hz. 

For example, the · approximate power consumption for 

discharge flow rate at the maximum load point is 10.50 kW when 

performing operations with a commercial 50-Hz power source. 

Based on this value, the approximate annual energy charge 

10 calculated for an operating time of 8400 h/year at an energy 

charge of 13 yen/kWh is 1, 150, 000 yen. When using an inverter, 

on the other hand, the approximate power consumption when 

performing operations at a frequency of 45 Hz is reduced by 2.46 

kW from that at a frequency of 50 Hz, resulting in a reduction 

15 of 269,000 yen in the approximate annual energy charge. 

The price 16 of the inverter is also displayed on the 

surface (display material) 11, and in this example, the price 

16 of the inverter is 498,000 yen. Thus, as described above, 

it is found that in case of operating the pump at a frequency 

20 of 45 Hz in place of the commercial 50-Hz power source, the 

investment (or cost) of the inverter can be recovered by 1.85 

year (489,000/269,000). 

Here, it is necessary to consider that the operating time 

and energy charge {cost/kWh) vary according to the work site and 

25 region and that an investment is required for installing the 

inverter. However, calculating the return of investment or 

cost-effectiveness is remarkably easier with the present 

invention than with the conventional method of displaying pump 
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characteristics. 

A selection range 17 for pumps driven by the conunercial 

power is the area enclosed by a dotted line on the surface (display 

material) 11. The selection range 17 facilitates studying the 

5 feasibility of replacing the current pump with a pump having one 

class smaller capacity. The same display described above can 

be achieved on a flat display surface, such as a space in a catalog 

for one class smaller capacity pump. Although not shown in the 

diagram, displaying the cost of the pumps on the surface 11 would 

10 facilitate comparing the return of investment or cost­

effectiveness of replacing the current pump with one class 

smaller capacity pump to that of adding an inverter. 

Further, calculating conditions 18 for data regarding 

power consumption are included on the surface 11. In this 

15 example, the calculating conditions 18 include an operating time 

of 8400 h/year and an energy charge of 13 yen/kWh. This data 

allows the user to perform simple multiplication and division 

calculations in case of different operating times and the like. 

Next, an example of calculating a simple return of 

20 investment or cost-effectiveness of introducing an inverter will 

be described with reference to FIGS. 3 7 and 38. FIG. 38 shows 

an example of a pump requirement 19 only needed in emergency 

situations and an example of a normal operation pump requirement 

20 indicated by a double circle and a single circle, respectively, 

25 on the surface 11 of FIG. 37. In this example, one class smaller 

capacity pump is sufficient when considering most operating 

conditions (requirements), but a pump is selected with 

consideration for requirements in emergency situations. 

61 



As an example, it is assumed that the operating time for 

normal operation requirements is 6000 h/year, with an energy 

charge of 20 yen/kWh. In this case, the operating frequency can 

be set to 4 o Hz , and hence as shown in FIGS . 3 7 and 3 8, the power 

5 consumption of 4. 86 kW can be reduced compared to that when an 

inverter is not used. Accordingly, the annual energy charge can 

be calculated by 4. 86 kW x 6000 h/year x 20 yen/kWh, which equals 

a reduction of 583,200 yen. 

Since the cost of an inverter is 498, 000 yen, with 

10 consideration for the cost of installing the inverter, the 

investment can be recovered in approximately one year. In this 

manner, the present invention enables the user to find the return 

of investment or cost-effectiveness for introducing an inverter 

in an extremely short time. 

15 Next, a method and material for displaying characteristics 

of the fluid machinery according to a second embodiment of the 

present invention will be described with reference to FIG. 39. 

The display according to the second embodiment includes more 

detailed data on power consumption. In addition to entering the 

20 approximate annual energy charge 15 adjacent to the curves 12, 

the surface 11 also includes a separate graph with a plurality 

of power consumption curves 21 showing the relationship between 

power consumption and discharge flow rate for each frequency 

supplied to the motor, and a reduction ratio (%) 22 and the 

25 approximate power consumption 14 described in the first 

embodiment adjacent to the power consumption curves il. 

By reading the power consumption curves 21 using the 

display method and material according to the present embodiment, 
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it is possible to calculate with great accuracy the return of 

investment or cost-effectiveness and the absolute value of 

energy savings when incorporating an inverter. 

Next, a method and material for displaying characteristics 

5 of the fluid machinery according to a third embodiment of the 

present invention will be described with reference to FIG. 40. 

In this embodiment, the curves 12 and a plurality of equivalent 

power consumption curves 23 for each power consumption 

approximately determined by the rotational speed (frequency} and 

10 discharge flow rate are displayed on the same coordinate system. 

15 

The equivalent power consumption curves 23 are depicted by dotted 

lines. Further, an annual energy charge 24 is displayed 

numerically adjacent to the equivalent power consumption curves 

23. 

The display method and material according to the present 

embodiment has the effect of combining the graphs in FIGS. 37 

and 39. 

Next, a calculating and graphing system for obtaining the 

display material or power consumption line graphs shown in FIGS. 

20 37 through 40 will be described. The displayed results are 

obtained by inputting the flow rate-pressure characteristics and 

flow rate-power consumption data for fluid machinery having a 

motor driven by a commercial AC power. 

The hardware configuration for the calculating and 

25 graphing system is the same as that shown in FIG. 1. The 

calculating and graphing system comprises a main controller 1 

for controlling the overall system, and a main storage unit 2 

connected to the main controller 1. The main controller 1 
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includes a control unit 3 and an arithmetic unit 4. The main 

controller 1 is also connected to an input device 5 including 

a keyboard, mouse, or the like and an output device 6 including 

a printer, display, or the like. In FIG. 1, the bold arrows show 

5 the flow of data and programs, while the thin arrows indicate 

the flow of control signals. 

The main controller 1 has an internal memory {not shown) 

for storing control programs such as an operating system, a 

program prescribing the diagnostic procedure for the fluid 

10 machinery, and required data. These programs implement a 

calculating process and a graphing process for creating the 

display material. The main storage unit 2 includes a hard disk, 

floppy disk, optical disk, or the like. 

FIG. 41 is a flow chart showing an outline of the process 

15 flow performed in the calculating and graphing system of FIG. 

1. 

In step 1, data regarding the flow rate-head 

characteristics and the flow rate-power consumption 

characteristics for the rotational speed of fluid machinery 

20 having a motor driven by a commercial AC power is inputted into 

the input device 5. This data may be prepared and stored in the 

main storage unit 2. 

In step 2, calculations are performed to find the flow 

rate-head characteristics and the flow rate-power consumption 

25 characteristics for a plurality of rotational speeds different 

from the rotational speed inputted in step 1 • The calculation 

is performed according to the expression (1) described above. 

In this case, it is also possible to input measured data for 
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various rotational speeds in place of perfo~ing the 

calculation. 

In step 3, data regarding the operating time of the fluid 

machinery and the energy charge per unit of power consumption 

5 is inputted into the input device 5. 

In step 4, a plurality of flow rate-head characteristic 

curves for various rotational speeds are displayed on the output 

device 6, along with data related to power consumption. As 

described above, the output device 6 comprises a printer, or a 

10 display such as LCD. The power consumption related data includes 

the various data shown in FIGS. 37 through 40. 

The calculating and graphing system implemented by a 

personal comput~r has the same structure as that shown in FIG. 

36. This system includes a personal computer PC comprising a 

15 main controller 1 (having a control unit 3 and an arithmetic unit 

4), a main storage unit 2, an input device 5, and an LCD forming 

part of the output device 6, all of which are shown in FIG. 1; 

a floppy disk FD or CD-ROM serving as the storage medium for 

storing the above programs; and a printer PR forming another part 

20 of the output device 6. 

In the example of the present embodiment, the surface for 

displaying the characteristics of the fluid machinery is 

described as a flat surface. However, a curved surface is also 

possible, providing the surface is continuous. Further, this 

25 display surf ace is not limited to the surface of a paper such 

as part of a catalog, but may also be a liquid crystal display 

or the like. 

With the present invention described above, the user can 
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easily find expected energy savings and the time required to 

recover an initial investment by recording fluid machinery 

characteristic curves on a pump or inverter catalog or the like, 

without performing complex calculations. Accordingly, the 

5 present invention has the effect of creating a demand for 

inverters used in fluid machinery, and the inverter-mounted 

pumps which are recently being common, thereby helping 

popularize energy conserving equipment on the market. 

10 Industrial Applicability 

The present invention relates to a system for finding 

wasteful energy consumption in a fluid machinery and can be 

applied to equipment using cooling-water circulating pumps, feed 

water pumps, and the like. 
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1. A diagnostic system for fluid machinery comprising: 

first identifying means for inputting prescribed data on 

5 the fluid machinery to be diagnosed and identifying the 

characteristics of the fluid machinery represented by flow 

rate-head characteristics; 

second identifying means for identifying the operating 

flow rate or operating pressure of the fluid machinery according 

10 to the relationship between the identified characteristics of 

the fluid machinery and a measured operating pressure or 

operating flow rate of the fluid machinery by operating the fluid 

machinery to be diagnosed and inputting the measured results of 

the operating pressure {head), operating flow rate, power 

15 consumption, or operating electric current of the fluid 

machinery in operation; and 

processing means for computing variations in the operating 

flow rate, operating pressure, or power consumption while the 

rotational speed of the fluid machinery to be diagnosed is varied, 

20 and for displaying the computed results. 

2. A diagnostic system for fluid machinery as claimed in 

claim 1, wherein said first identifying means functions by 

inputting one or more of the following data ( 1-11) regarding the 

25 fluid machinery: 

1. Diameter (or numerical order) of suction port 

2. Diameter (or numerical order) of discharge port 

3. Rated output of motor driving the fluid machinery 
--------- - - ----·- ---
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4. Number of poles of motor driving the fluid machinery 

5. operating frequency of motor driving the fluid 

machinery 

6. Rating plate specifications (flow rate-head) of the 

5 fluid machinery 

10 

7. Model name of the fluid machinery 

8. Manufacturer's name of the fluid machinery 

9. Number of impeller stages of the fluid machinery 

10. outer diameter of impeller of the fluid machinery 

11. Test data regarding the flow rate-head and flow 

rate-power consumption of the fluid machinery. 

3. A diagnostic system for fluid machinery as claimed in 

claim 1, wherein said characteristics of the fluid machinery 

15 identified by said first identifying means are refined by 

inputting the power consumption at the actual operating point. 

4. A diagnostic system for fluid machinery as claimed in 

claim 3, wherein said characteristics of the fluid machinery 

20 identified by said first identifying means are refined by 

25 

inputting the operating pressure and/or power consumption at the 

shutoff operating point separate from the actual operating 

point. 

5. A diagnostic system for fluid machinery as claimed in 

claim 1, wherein said computed results obtained by said 

processing means are refined by inputting values of actual head. 

------·----··--·----
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6. A diagnostic system for fluid machinery capable of 

finding with high accuracy wasteful energy consumption in the 

fluid machinery and its peripheral devices, comprising: 

a controller having a frequency converter as a primary 

5 component for reducing the estimated wasteful energy consumption, 

said controller being used in combination with said diagnostic 

system as claimed in any one of claims 1 to 5. 

7. A diagnostic system for fluid machinery as claimed in 

10 claim 6, wherein the rotational speed of the fluid machinery is 

varied by changing the frequency generated by said frequency 

converter with said controller, and the actual head or head loss 

caused by piping is found by comparing the operating pressure 

for each rotational speed when the valve is open to that when 

15 the valve is closed. 

20 

8 • A recording medium capable of being read by a computer 

for storing programs to enable the computer to implement the 

functions of: 

identifying the characteristics of the fluid machinery 

represented by flow rate-head characteristics by inputting 

prescribed data on the fluid machinery to be diagnosed; 

identifying the operating flow rate or operating pressure 

of the fluid machinery according to the relationship between the 

25 identified characteristics and a measured operating pressure or 

operating flow rate of the fluid machinery by operating the fluid 

machinery to be diagnosed and inputting the measured results of 

the operating pressure (head), operating flow rate, power 
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consumption, or operating electric current of the fluid 

machinery in operation; and 

computing variations in the operating flow rate, operating 

pressure, or power consumption when the rotational speed of the 

5 fluid machinery to be diagnosed is varied, and displaying the 

computed results. 

9. A diagnostic system for fluid machinery comprising: 

first identifying means for identifying the 

10 characteristics of the fluid machinery represented by flow 

rate-head characteristics of the fluid machinery to be 

15 

20 

25 

diagnosed; 

second identifying means for identifying the actual 

operating point of the fluid machinery to be diagnosed; and 

processing means for computing variations in the operating 

point when the rotational speed of the fluid machinery to be 

diagnosed is varied, and for displaying the computed results. 

10. A method for diagnosing fluid machinery comprising: 

identifying the characteristics of the fluid machinery 

represented by the flow rate-head characteristics of the fluid 

machinery to be diagnosed; 

identifying the actual operating point of the fluid 

machinery to be diagnosed; 

computing variations in the operating point when the 

rotational speed of the fluid machinery to be diagnosed is 

varied; and 

displaying the computed results. 
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11. A method for identifying characteristics of fluid 

machinery comprising: 

calculating the head and shaft power for flow rates by 

5 determining representative points for characteristics of fluid 

machinery including a representative head and representative 

shaft power and by determining the ratios of head and shaft power 

other than the representative flow rate to the representative 

head and representative shaft power based on the port diameter 

10 of the fluid machinery, the number of impeller stages, and the 

rated output and rated rotational speed of the motor used to drive 

the fluid machinery; 

15 

20 

estimating provisional characteristics of the fluid 

machinery based on the calculated head and shaft power; and 

identifying characteristics of the fluid machinery and the 

operating point including the operating flow rate by correcting 

said provisional characteristics of the fluid machinery based 

on measurement data including at least the head and power 

consumption during current operations. 

12. A method for identifying characteristics of fluid 

machinery as claimed in claim 11, wherein said representative 

points are set as the flow rate producing maximum efficiency in 

the fluid machinery, the head calculated using estimated values 

25 of efficiency for the fluid macninery, and the rated output of 

the motor. 

13. A method for identifying characteristics of fluid 

This Sheet Has Been Replaced 
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machinery as claimed in claim 11, wherein said representative 

points are set as the flow rate and head calculated using at least 

two points of standard specifications including the flow rate 

and head of the fluid machinery, and the rated output of the motor. 

14. A method for identifying characteristics of fluid 

machinery as claimed in claim 12, wherein said provisional 

characteristics of the fluid machinery are corrected by the flow 

rate calculated using head and power consumption during current 

10 operations and the estimated values of efficiency for the fluid 

machinery and motor. 

15. A method for identifying characteristics of fluid 

machinery as claimed in claim 12, wherein said provisional 

15 characteristics of the fluid machinery are corrected by the flow 

20 

rate calculated using head and power consumption during current 

operations and the estimated values of efficiency for the fluid 

machinery and motor, and the head and power consumption during 

shutoff operations. 

16. A method for identifying characteristics of fluid 

machinery as claimed in claim 12, wherein said provisional 

characteristics of the fluid machinery are corrected by the flow 

rate calculated using head and power consumption during current 

25 operations and the estimated values of efficiency for the fluid 

machinery and motor, and the head and power consumption during 

operations when the valve is fully open. 

-----
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17. A method for identifying characteristics of fluid 

machinery as claimed in claim 12, wherein said provisional 

characteristics of the fluid machinery are corrected by the flow 

rate calculated using head and power consumption during current 

S operations and the estimated values of efficiency for the fluid 

mac~inery and motor, and the head and power consumption during 

shutoff operations and during operations when the valve is fully 

10 

open. 

18. A method for identifying characteristics of fluid 

machinery as claimed in claim 13, wherein the operating point 

(flow rate) is identified by said provisional characteristics 

of the fluid machinery and the head during current operations, 

and said provisional characteristics are corrected by the 

15 current power consumption. 

19. A method for identifying characteristics of fluid 

machinery as claimed in claim 13, wherein the operating point 

(flow rate) is identified by said provisional characteristics 

20 of the fluid machinery and the head during current operations, 

25 

and said provisional characteristics are corrected by the 

current power consumption and the power consumption when the 

valve is fully open. 

2 0. An energy-saving pre-diagnostic system for fluid 

machinery, comprising: 

inputting means for inputting flow rate-pressure (head) 

and flow rate-power consumption data for fluid machinery having 
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a motor driven by a commercial AC power, and design 

specifications (flow rate-pressure) in a facility side; 

inputting or estimating means for inputting or estimating 

resistance of piping (actual head) when the flow rate is zero; 

calculating means for calculating the reduction in power 

consumption achieved when ·reducing the rotational speed of the 

fluid machinery with a frequency converter; and 

processing means for displaying the calculated results. 

21. A recording medium capable of being read by a computer 

for storing programs to enable the computer to implement the 

functions of: 

inputting flow rate-pressure (head) and flow rate-power 

consumption data for fluid machinery having a motor driven by 

15 a commercial AC power, and design specifications (flow rate­

pressure) in a facility side; 

inputting or estimating resistance of piping (actual head) 

when the flow rate is zero; 

calculating the reduction in power consumption achieved 

20 when reducing the rotational speed of the fluid machinery with 

a frequency converter; and 

displaying the calculated results. 

22. A method for displaying the characteristics of fluid 

25 machinery, comprising: 

displaying the flow rate-pressure characteristics of the 

fluid machinery varied according to the rotational speed on the 

same surface using a plurality of curves; and 
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displaying data related to the power consumption on the 

same surface. 

23. A method for displaying the characteristics of fluid 

5 machinery as claimed in claim 22, further comprising numerically 

displaying data related to the power consumption adjacent to each 

curve representing the fluid-pressure characteristics. 

24. A method for displaying the characteristics of fluid 

10 machinery as claimed in claim 22 or 23, further comprising 

displaying on the same surface a reference selection range under 

a fixed rotational speed of the fluid machinery •. 

25. A method for displaying the characteristics of fluid 

15 machinery as claimed in any one of claims 22 to 24, further 

comprising displaying on the same surface data related to the 

power consumption, including at least one of the energy charge 

or the amount of reduction in the energy charge. 

20 

25 

26. A method for displaying the characteristics of fluid 

machinery as claimed in any one of claims 22 to 25, further 

comprising displaying on the same surface at least one of the 

cost of the ~luid machinery or the cost of the apparatus required 

to vary the rotational speed. 

27. A method of displaying the characteristics of fluid 

machinery as claimed in any one of claims 22 to 26, further 

comprising displaying on the same surface conditions for 
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calculating data related to the power consumption. 

28. A display material for displaying the characteristics 

of the fluid machinery using the method as claimed in any one 

5 of claims 22 to 27. 

29. A fluid machinery or an apparatus for varying the 

rotational speed of the fluid machinery, comprising: 

displaying the flow rate-pressure characteristics of the 

10 fluid machinery varied according to the rotational speed on the 

15 

same surface of a promotional material represented by a catalog, 

using a plurality of curves; and 

displaying data related to the power consumption on the 

same surface of said promotional material. 

30. A line graph for the power consumption of fluid 

machinery comprising: 

a plurality of curves indicating the flow rate-pressure 

characteristics of fluid machinery in each of rotational speeds 

20 and displayed in a coordinate system; and 

25 

a plurality of curves indicating the flow rate-pressure 

characteristics of the fluid machinery in each of values of power 

consumption and displayed in said coordinate system. 

31. A calculating and graphing system, comprising a 

computer for obtaining the display material of claim 28 or the 

line graph of claim 30, by inputting data for the flow rate­

pressure characteristics and flow rate-power consumption 

--·-----------

76 



--------------~= ........................ ~~~~=~~~~···· -----·--··· 

characteristics of fluid machinery having a motor driven by a 

commercial AC power. 

32. A recording medium capable of being read by a computer 

5 for storing programs to enable the computer to implement the 

calculating and graphing.system as claimed in claim 31. 
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