Energy-saving of the Fan / Pump equipment using an inverter
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Proposal-Using the inverter for energy-saving
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MITSUBISHI INVERTER FR-F/D/E700
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1. Characteristic of a Fan or Pump

® The volume flow of air or water is proportional to revolving speed (frequency).
:(Qe«<N)

® The air pressure T, and the water lift H
. proportional to the square of revolving speed N (T oc H o< N?)

® Motor output P : P = K1 X Q X Tor H(kw)

® Motor power P . proportional to a cube of revolving speed N (P o< N3)
S P = K3 X N°(kw]

® | oad characteristic of a Fan or Pump: Reduction torque load
Right figure

Reduction
torque
characteristic

2. Point of energy saving in a Fan or Pump

® For fans and pumps that are fed by commercial power, in order to fix the
speed of the motor, a common way is to adjust (control) the volume of air /
water flow.

® However, even if this system lowers flow volume loss by the damper or a
valve occurs and reduction of the axis power of motor cannot be expected.

® To solve this issue, you can use an inverter to adjust the motor speed.
By controlling the motor speed, you can adjust the flow volume.

® Since the motor output P will be reduced according to a cube of revolving
speed, if this method is adopted, big energy saving can be expected.

Damper control characteristic
(Sending out side)

i{The amount of |power saving |

Reduction
torque
: characteristic

® Amount of power saving : Ps = Pd — P (kW]

3. Example of effect of energy-saving (in case of a fan used in Japan)

Rated specification of equipment

® Quantity of the rated flow : 1300 (m3min)

® Motor rating output Pr : 132 (kW)

Before the measure

After the measure

® Air volume was adjusted with the
damper.
> Actual air volume
: 800 (m?¥min)

® Number of revolution ratio
= actual quantity /rating quantity
1 800/1300 = 0.615
161.5(%)

® Motor actual power : 100 (kW)

® The damper was fully opened (100 (%)), the inverter control was introduced,
and air volume was adjusted by the number of revolutions of the fan’s motor.

® Qutput frequency corresponding to actual air volume.
* Rated frequency X number — of — revolutions ratio = 60 (Hz) X 61.5 (%) = 37 (Hz)

® The actual output P of a motor.
. Motor actual power X (number — of — revolution ratio)® =
132 (kW] X (0.615)° = 30.8 (kW)

® Considering loss of an inverter (about 10 (%)), the output Pi when controlled
by the inverter : P X1.1 = 30.8 (kW] X 1.1 = 33.8 (kW)

® Improved power Ps of the fan : Pr — Pi : 100 (kW] — 33.8 (kW] = 66.1 (kW]

Improvement effect

Investment cost for the measure

/ year)

® |[nvestment cost for the measure taken

® Electric energy reduced / year (Operating condition : 12 hours / day, 300 days

1 66.1 (kW) X 12hour X 300day = 237,960 (kWh)

® Electric energy cost reduced / year (Power rate = 13 (yen/kWh))
: 237,960 (kWh) X 13 (yen/kWh) = ¥3,093,480—

- Unit and installation costs of inverter panel = ¥ 4,080,000 —
® Investment effect : Will pay for itself in 1.3 years

@ Inverter and option apparatus

® Manufacturing / installation of the
control panel

® Modification of the existing control
panel (Main circuit / Control circuit /
PLC programming)

® Electrical work : Wiring work

7

@ Check Point
(1) Is the air/water flow controlled ?

(100 (%)) opened.

® Check to the maker of the fan / pump.

® Check by the actual system — Cannot be controlled if the resistance of air duct / pipe is large and the damper / valve is fully

(2) Does motor rating current (Im) have the margin (about 10 (%)) compared with real load current (Ir) ?
® Check the motor rating plate and the measured current value — (Ir) < 0.9 X (Im)

(3) Is the inverter rating current (linv) larger than 110 (%) X motor rating current (Im) ?
® Check the motor rating plate and the catalog. — (linv) > 1.1 X (Im)

(4) Does the fan/pump have the reduction torque characteristic suitable for energy saving ?
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Estimation sheet of energy-saving (Fan / pump)
AIRWF—FARSAE (T 7 /KD TR)

B We offer this sheet in Excel.

HYEAFIEB : Numerical input part
SHEIE / FXEHE : Plan value ‘

& Design value

J7Y - RVTOEAIRIVF—EHEE
Calculation sheet for reduced energy for fan / pump

Actual measurement
& Estimated value

‘%EJJ{E / REfE

$%{F$%& Equipment name :

&%) : Example | EtEZE : Account
IR I8 H HER Eg];‘i :I Air handling Use 1:
Procedure ltem Formula upply ‘
Fan
1 REEROILE | EfRESE . Rated air volume Qr (m¥h) 1300.0
Understand Bl &% : Same as the above Number n 1.0
rated values of | Bt &5t : Same as the above Total Qt(m¥h)=Qr x n 1300.0
the equipment
E—HFEHHF] | Rating output of a motor P (kW) 132.0
Bt &%4 . Same as the above Number m 1.0
Bt &Et : Same as the above Total Pt(kW)=P x m 132.0
| EREEE : Rated voltage V (V) 400.0
| EAZER . Rated current 1(A)=Px1000/(Root3 xV x COS®) 228.0
LR : Frequency f(Hz) 50.0
TR . Number of poles Pole 4.0
TEAZElEEEY . Rated number of revolutions Ns (rpm) =120 f/ Pole 1500.0
kS . Power factor COS® (%)=P/(Root3 x V x I) 83.7
2 HMEDE(EILE | £ REE : Actual air volume Q(m¥h) 800.0
Understand | <JIEfE : Measured value> 2EAEHE : Total value
the actual values | E@EZLH, : Ratio of actual air volume W (%)= (Q/Qt) x 100 61.5
of the equipment | 52 EEE : Actua | voltage Vr (V) 400.0
<HIEfE : Measured value>
iR . Actual current Ir (A) 172.7
<BIFEE : Measured value>
£ [O)E5EY: Actual number of revolutions Nr (rpm) 1450.0
<HIFE{E : Measured value>
F—4~FEH7 : Actual motor output Pr (kW) = Root3xVrxIrxCOS¢/1000 100.0
[E_E &5t/ : Same as the above  Total output Prt(kW)=Pr x m 100.0
3 EAIRIF—TH | EREEEL . Reduced frequency fa(Hz)=f x W/ 100 36.9
Estimated energy | | NV#lf#ElFH 77 : Control output Pic (kW) = Pt x (W /100) 3rd power 30.8
reduction | NViBZEROE A : Actual control output Pi (kW) = Pic x (1.1) 33.8
Bk &EtH77 : Total output Pit (kW) =Pi x m 33.8
HAEH : Power saved Ps (kW] = Prt - Pit 66.1
1HO#ENRSRE] : Operating hours / day Hour / (a day) 12.0
FREIDBEIREY : Operating days / year Days 300.0
FEREBEHE  Power saved / year Py (kWh] = Ps x Hour x Days 238125.8
GEt&AEHE  : Total power saved Py (kWh) 238125.8
EBHEIEH(M : Power rate Pu (¥/kWh) 13.0
FRIEESEHR : Cost for power-saving / year MS (¥)=Py x Pu 3095636.0
4 IZEHROEE | 4 >/ )\—45EEEH : Inverter panel cost C1(¥) 3708000.0
Understand the | B TEE / IRMIEAREA ! C2(¥) 300000.0
effect of the Electric work / on-site adjustment cost
investment 2R ERE | Amount of capital investment M(¥)=C1+C2 4008000.0
EJIVEAR] : Collection period Y=M/Ms 1.3
(1)EtE=561I54ER : Explanation of calculation example | ‘
(a) Y 275 L\#8R : System configuration Supply Fan }:‘ Damper |
I Air duct
‘ , ‘ : Factory
i Return Fan <<— Damper | Air duct
i Return Fan<:):l: Damper 3 ‘

B We can review the sheet you created, if necessary.
ERIFBEZRICCTEDRIICEOTHDFRID, BEICRUERICTTF Y IBLET,

B We also offer support services for a filed survey / sheet creation.
Fle. BHICBVLWTHIRMAE / ¥— MERZRHIITEE T,




Load characteristic and the Mitsubishi Electric inverter <FR-A/F/D/E 700> of equipment

Load
characteristic

@ Constant torque
ENLD

® Reduction torque
&R~V

© Constant output
A

Use

Crane / Hoist / Lifter
Elevator / Traverser
Conveyor / Cart / Machine tool

Fan / Pump

Reel / Winder
Pay Off Reel(POR) / Rewinder

Feature

Regardless of speed, torque is
almost fixed.

The load torque T is proportional
to the square of number of
revolutions N.

Torque T and number of
revolutions N have an inverse
proportion relation and output
of product is fixed.

In case the load is subject to
vertical movement or friction,

Fan's air pressure H or power
of a pump H is proportional

In Winder / rewinding machine,
when operating at speed V

Characteristic
curve of
Speed / Torque

torque T is almost fixed | to the square of number of | under the condition of tension
regardless of speed V. revolutions N. S being fixed, the reel output
VxS also becomes fixed.
e\/ocN ® TocHoc\/2oc N? o\/ocN, SxT
® Motor output Poc NxT ® Motor output Poc NxToc N? ® Motor output PocVxSoc NXT
Reduction torque Constant output
— Constant torque | Tes N® — PocNXT
) o | PocN® [
= =) >
(e o o
° e °
Speed N Speed N Speed N

Selection
apparatus

® FR-A700 (0.4-500 (kW]))
®FR-D700 (0.1-15 (kW) )
®FR-E700 (0.1-15 (kWJ)

® FR-F700 (0.75-560 (kW))
®FR-D700 (0.1-15 (kW) )
®FR-E700 (0.1-15 (kWJ)

® FR-A700 (0.4-500 (kWJ)
(Vector inverter)

® Reduction torque control is
also possible.

e Constant torque load control is
also possible.

® The motor for vector control is
required.

Aim of
introduction

Better efficiency
Energy-saving with light load

Energy saving of fan / pump
equipment

Highly advanced / precise
control

® Mitsubishi Electric FA apparatus homepage : please refer to MELFANSweb.
http://wwwf2.mitsubishielectric.co.jp/melfansweb/
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SETSUYO ASTEC CORPORATION

JAKARTA REPRESENTATIVE OFFICE
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JL.M.H. THAMRIN NO.59 JAKARTA, 10350 INDONESIA

TEL +62-21-3193-6292
FAX +62-21-3193-0378
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Leviste Street Salcedo Village Makati City, Philippines 1227

TEL +63-2-892-5571
FAX +63-2-894-4382
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SA GIANG TRADING CO. LTD.
HO-CHI-MINH OFFICE
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TEL +84-8-8386931
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