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ABSTRACT

This thesis proposes a computer program for considering an efficiency of three-phase
induction motors with the energy management. As the cost of energy is growing at a high rate, it
is important to consider the economical impact of the motor efficiency on business sectors. This
thesis proposes the techniques for field efficiency estimation and efficiency prediction based on
manufacturer information . These techniques can be used for the purchase of motors to replace of
inefficient existing motors or new installations. The compared results of motor performances
obtained from various techniques show that these proposed techniques are fast and accurate which
are suitable for industrial energy management in order to determine the cost saving regarding the

investment.
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1. NEMA MG1 (National Electrical Manufacturers Association) [8]

2. JEC ( Japanese Electrotechnical Committee )

3. IEC ( International Electrotechnical Commission ) [9]
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3.2.2 Slip Method (SM)
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Y Efficiency= %L x 100 (3.3)
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Pour = B'ated(Nameplate) x Load(p.u.) (8.5
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Houl§iian1snuis Ecm woz sT™ Taoiideyavoauomoslunamasnaiumeii 4.1 was
M50 4.2 TUABUMINATOUELIINAITIININATEY No-load 1A% Block-Rotor Test (ECM)
wagdhmsiasms i liih aawd nssua ldihsunn Sidaifhduwn nasanuidisenves
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A15199 4.1 ﬂi’l’auvnumma{mmmmaaﬂ Mitsubishi 2.2 kW, 380 V, 50 Hz, 4 pole

Load (%) Current (A) Power Factor | Efficiency(%) | Speed (rpm) | Torque (N-m)
100 4.92 0.82 83.0 1420 14.8
75 3.95 0.78 82.0 - -
50 3.16 0.66 80.0 = -

M15197 4.2 ToYANBIADIINUAMADA Mitsubishi 5.5 kW, 380 V, 50 Hz, 4 pole

Load (%) Current (A) | Power Factor | Efficiency(%) | Speed (rpm) | Torque (N-m)
100 11.6 0.84 86.0 1430 36.75
75 8.94 0.82 85.0 - -
50 6.49 0.77 83.0 = -

ag 3 1 o a1 4
Iﬂﬂlﬂ“ﬂ'l%’}ﬁ ECM a2 FEE LI‘L!ﬁ]ﬁﬁ']‘ll']‘iﬂﬂizll']ﬁﬂﬁ‘ﬂ'lﬂTW']iTlJME]SﬂN“]‘Ui’N’Nﬂ‘iﬁllyﬁ%’d
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L[ﬁﬂqwﬁulﬂﬂﬂﬁ1i'l‘3ﬂ 4.3 9 M3 19N 4.6

/ ' =) o { o 4
M50 4.3 MR35 Uy aN 14119151 no-load 11AZ block-rotor YBINDIADS

Mitsubishi 2.2 kW, 380 V, 50 Hz

RI

R,

(X, +X,)

m

3.48

3.16

7.14

1186.5

93.43




4 ¥ o o H o 4
ﬂ1§1~‘]ﬁ 4.4 ﬂ’]WTﬁ’liﬂﬂ@ﬁJﬂ\??QﬂSﬁllll“ﬁﬁulaﬂ'lﬂﬂ'lﬁﬂ'] no-load 1% block-rotor YDINDNDT

Mitsubishi 5.5 kW, 380 V, 50 Hz

R, R, (X, +X,) R, X,
1.33 1.27 3.54 740.67 50.51
M3 4.5 mwsinesveeesauyai 1§91n35 FEE voswones
Mitsubishi 2.2 kW, 380 V, 50 Hz
Load (%) R, R, X, X, R, X, m
100.21 2.45 2.25 10.45 6.20 475.56 | 188.79 | 0.018
92.52 252 2.47 4.95 16.08 | 476.06 | 198.08 | 0.017
84.39 2.56 2.38 9.96 5.00 47581 | 11850 | 0.016
76.56 225 2.48 11.42 1.26 475.81 | 103.70 | 0.009
68.17 2.13 2.18 12.28 1940 | 47631 | 15737 | 0.019
60.28 2.18 2.35 11.18 1597 | 47606 | 12254 | 0014
52.32 2.51 2.34 10.88 2141 | 47581 | 11432 | 0.017
M3 4.6 Awsdinesvosasauyaildanis FEE vowomes
Mitsubishi 5.5 kW, 380 V, 50 Hz
Load (%) | R, R, X X, R, X m
98.51 1.04 0.84 2.37 0.48 32149 | 4238 0.015
91.45 0.93 0.89 1.53 2.84 305.46 42.37 0.017
84.35 1.04 0.83 4.18 3.24 305.78 57.57 0.020
76.84 0.98 0.85 0.00 1146 | 30530 74.68 0.010
69.92 1.04 0.84 3.84 1.41 305.46 44.14 0.020
63.37 0.84 0.89 1.88 4.55 305.62 | 4739 0.012
56.36 1.04 0.86 3.31 0.87 305.46 43.23 0.020
49.56 1.01 0.94 241 7.98 305.30 51.54 0.018
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15190 4.10

A15197 4.7 waansmsUssanamlse AnSnmuemes Mitsubishi 2.2 kW, 380 V, 50 Hz U

P luszuy

Motor 2.2 kW Estimated Efficiency (%)

On-site Measurement

Load(%) Vv A W r/min SM CM ECM FEE STM

100.21 380.2 5.05 2850 1417 81.47 | 7936 | 82.04 | 79.59 | 77.36

92.52 380.4 4.67 2600 1422 83.93 | 80.39 | 82.31 78.57 | 78.28

84.39 380.3 4.34 2340 1432 81.30 | 83.02 | 82.74 | 79.46 | 79.34

76.56 380.3 4.01 2100 1437 83.93 8547 | 82.68 | 80.22 | 80.20

68.17 380.5 3.74 1830 1446 82.55 | 91.47 | 82.34 | 79.31 81.96

60.28 380.4 3.46 1660 1453 79.21 | 93.29 | 82.57 | 78.52 | 79.89

52.32 380.3 3.23 1450 1460 77.17 | 99.70 | 81.93 | 76.30 | 79.37

M13197 4.8 MadwENIYszInA1lszANSnwyanes Mitsubishi 5.5 kW, 380 V, 50 Hz Uiz

M luszuy

Motor 5.5 kW Estimated Efficiency (%)

On-site Measurement

Load(%) A% A A r/min SM CM ECM FEE STM

98.51 380.4 | 11.62 6630 1435 78.36 | 83.10 | 85.99 | 83.29 | 81.72

91.45 380.3 11.23 6130 1439 79.54 | 86.86 | 85.79 | 83.03 | 82.06

84.35 380.5 10.44 5620 1440 8533 | 88.08 | 85.81 82.92 | 82.55

76.84 380.2 9.63 5100 1450 | 7836 | 89.53 | 86.59 82.55 | 82.87

69.92 380.3 8.88 4590 1454 80.10 | 91.73 | 86.69 | 83.04 | B83.79

63.37 380.4 8.24 4150 1461 75.11 94.14 | 86.99 | 83.25 | 83.99

56.36 380.3 7.56 3690 1465 75.81 97.14 | 86.90 82.04 | 84.01

49.56 380.2 6.96 3250 1468 78.69 | 101.54 | 86.49 | 80.64 | 83.86
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ﬁl'liNﬁ 4.9 NﬁﬂWﬁﬂ'l’iﬂizlﬂmﬂﬂﬁd‘ﬂﬂﬂmﬂﬂ‘i Mitsubishi 2.2 kW, 380 V, 50 Hz mmzmqm'lu

PEAINT

Motor 2.2 kW Estimated Torque (N-m)

On-site Measurement

Load(%) Vv A W r/min SM CM ECM EEE ST™M

100.21 380.2 5.05 2850 1417 15.64 15.23 15.76 15.29 14.85

092.52 380.4 4.67 2600 1422 14.65 14.04 14.37 15:72 13.66

84.39 380.3 4.34 2340 1432 12.68 12.95 12.91 12.40 12.37

76.56 380.3 4.01 2100 1437 I1.7) 1193 11.54 11.20 11.18

68.17 380.5 3.74 1830 1446 9.97 11.05 9.95 9.59 9.90

60.28 380.4 3.46 1660 1453 8.64 10.18 9.01 857 8.71

52.32 380.3 3.23 1450 1460 7132 9.46 Tk 7.24 F:52

M15199 4.10 HaaNTMIUsEIUAITITANBIMBS Mitsubishi 5.5 kW, 380 V, 50 Hz vauzyinau

AN

Motor 5.5 kW Estimated Torque (N-m)

On-site Measurement

Load(%) \% A W r/min SM CM ECM FEE ST™M

98.51 3804 | 11.62 | 6630 1435 | 34.57 | 36.66 | 37.93 | 36.75 | 36.04

91.45 380.3 11.23 6130 1439 3236 | 3534 | 3489 | 33.78 | 3336

84.35 380.5 10.44 5620 1440 31.80 | 32.83 | 31.98 | 30.90 | 30.75

76.84 380.2 9.63 5100 1450 26.32 | 30.07 | 29.08 | 27.73 | 27.82

69.92 380.3 8.88 4590 1454 | 24,15 | 27.65 | 26.13 | 25.03 | 25.24

63.37 380.4 8.24 4150 1461 2037 | 2558 | 23:.59 | 2258 | 22.77

56.36 380.3 7.56 3690 1465 18.23 | 23.36 | 20.90 19.73 | 20.19

49.56 380.2 6.96 3250 1468 16.64 | 21.46 18.28 17.05 17.72
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Rated(kW) Hz \Y A r/min Pole
7.5 50 380 15.2 1445 4
75 50 400/690 131/76 1488 4
3197 4.12 nanslszuinanlss At muomesng 7.5 kw vaizvhan luszuy
Motor 7.5 kW (10 hp) Efficiency (%)

On-site Measurement

\Y% A Watt (kW) r/min FEE IEEE-112 (B)
380.4 14.96 8.52 1446 87.24 86.85
3804 11.71 6.38 1461 88.55 87.53
380.4 8.82 4.28 1475 87.80 86.56

4 i a a ¢ a o o
ﬂ]ﬁ"lx'i‘?l 4.13 wamsyszanamyszaniniwuomos R 75 kW mm:m»ﬂu‘lms‘uu

Motor 75 kW (100 hp) Efficiency (%)
On-site Measurement
A% A Watt (kW) r/min FEE IEEE-112 (B)
400 132.5 78.53 1489 95.90 95.8
400 103.8 59.07 1492 96.25 95.9
400 77.8 39.68 1495 96.08 95.5
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Motor 7.5 kW (10 hp) Torque (N-m)

On-sitc Measurement

Vv A Watt (kW) r/min FEE IEEE-112 (B)
380.4 14.96 8.52 1446 49.09 48.9
380.4 11.71 6.38 1461 36.92 36.4
380.4 8.82 4.28 1475 24.33 238

H 1 = da o
ﬂTi"Nqu 4.15 N'ﬁﬂ’ﬁﬂiﬁﬂu7mﬂ“ﬁ~ﬁ.’ﬂl|ﬂ!ﬂ@i A 75 kW ﬂJmVﬂ’hﬂuiu‘iz‘UU

Motor 75 kW (100 hp) Torque (N-m)
On-site Measurement
A% A Watt (kW) r/min FEE IEEE-112 (B)
400 132.5 78.53 1489 482.98 482.4
400 103.8 59.07 1492 363.89 362.62
400 717.8 39.68 1495 243.53 242.05
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Motor 7.5 kW (10 hp)

On-site Measurement

A

Watt (kW)

r/min
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11.71

6.38
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400V 50 Hz , 4 Pole
Manufacturer | Rated | Maximum | Current | Power | Speed Torque | Efficiency | Efficiency
kW | Torque(%) | (Amp) | Factor | (rpm) | (N-m) | 100%Load | 75%Load
Siemens 15 360 14.3 0.84 | 1455 49 90.3 90.5
Teco 7.5 230 14.9 0.83 1445 49.6 87.9 87.9
Siemens 11 320 20.5 0.85 1460 72 91.5 92
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Manufacturer | Rated(kW) | Output Power (kW) Torque(N-m) | Load (%) | Efficiency (%)
Siemens 7.5 5.68 37.01 75.76 90.79
ABB 11 5.68 36.63 51.65 90.84
Siemens 11 5.68 AL 51.65 90.73
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400 V ,50 Hz , 4 Pole

Manufacturer | Rated | Maximum | Current | Power | Speed | Torque | Efficiency | Efficiency

kW | Torque(%) | (Amp) | Factor | (rpm) | (N-m) | 100%Load | 75%Load

Rotor bv 75 255 133 0.88 1480 | 483.9 93.1 92.9

Siemens 75 240 130 0.86 1482 483 94.7 94.7
AEG 75 270 140 0.85 1485 | 4823 94.8 94.7
AEG 90* 270 168 0.85 1480 | 580.7 95.2 95
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Manufacturer | Rated(kW) | Output Power (kW) | Torque(N-m) | Load (%) | Efficiency (%)
Rotor bv 73 60 390.12 80 93.98
Siemens 75 60 395.31 80 94.44

AEG 75 60 395.65 80 95.07
AEG 90* 60 386.02 66.67 94.71
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§ L4 | o as oo
m3197 4.1 Joyamisnaaeunemesmilonh vihvas Sumszmanadida 2.2 kw

sep | V) | lw) | B, N, r
Load(%) (V) (A) (W) (rpm) (N-m)
100.21 220 5.05 2850 1417 14.85
92.52 220 4.67 2600 1422 13.66
84.39 220 4.34 2340 1432 12:37
7655 220 4.01 2100 1437 11.18
68.17 220 3.74 1830 1446 9.90
60.28 220 3.46 1660 1453 8.71
52.31 220 3.23 1450 1460 7.52
44.30 220 3.02 1230 1468 6.33
36.85 220 2.85 1040 1475 5.24
29.28 220 2.67 840 1479 4.16
2172 220 2.60 650 1486 3.07
14.04 220 2.52 470 1490 1.98

M5191 1.2 Had lannmsnaaauuemes Mo i vaesunsemanafing 2.2 kW

Step V(av) d (av) 2 . Efficiency
Load(%) V) (A) (W) (w) (%)
100.21 220 5.05 2850 2205 77.35
92.52 220 4.67 2600 2036 78.28
84.39 220 4,34 2340 1857 79.34
76.55 220 4.01 2100 1684 80.20
68.17 220 3.74 1830 1500 81.96
60.28 220 3.46 1660 1326 79.89
52.31 220 3.23 1450 1151 79.37
44.30 220 3.02 1230 975 79.22




a '
15141 4.2 (AD)

Step 4 (av) ] (av) . S Efficiency
Load V) (A) (W) (w) (%)
36.85 220 2.85 1040 811 77.96
29.28 220 2.67 840 644 76.70
21.92 220 2.60 650 477 73.51
14.04 220 2.52 470 310 65.76

! s A o o = oo
maah 4.3 deyanisnageunemesiniivnih Wihwaziumszmnania 5.5 kw

Mav)

Tav)

es

Step " N, T
Load(%) V) (A) (W) (rpm) (N-m)
98.50 220 11.62 6630 1435 36.03
91.45 220 11.23 6130 1439 33.36
84.35 220 10.44 5620 1440 30.75
76.84 220 19.62 5100 1450 27.82
69.92 220 8.87 4590 1454 25.24
63.37 220 8.23 4150 1461 22,77
56.36 220 7.56 3690 1465 20.19
49.55 220 6.96 3250 1468 17.72
43.14 220 6.42 2830 1476 15.34
36.84 220 5.92 2410 1480 13.06
30.18 220 5.56 2030 1482 10.69
23.83 220 5.20 1630 1487 8.41

3 - o A ° a oo
M51a7 4.4 waf ldnnmsnageuuemosmioni vz Sumsemananng 5.5 kW

Step V(av) d (av) £ ol Efficiency
Load(%) (V) (A) (W) (w) (%)
98.50 220 11.62 6630 5418 8172
91.45 220 11.23 6130 5030 82.05
84.35 220 10.44 5620 4639 82.55
76.84 220 9.62 5100 4226 82.87




= '
$1519N 3.4 (A1)

Step Vav) {(av) 3 P, Efficiency
Load (V) (A) (W) (w) (%)
69.92 220 8.87 4590 3846 83.79
63.37 220 8.23 4150 3485 83.98
56.36 220 7.56 3690 3100 84.00
49.55 220 6.96 3250 2726 83.86
43.14 220 6.42 2830 2373 83.85
36.84 220 5.92 2410 2026 82.5
30.18 220 5.56 2030 1660 81.78
73.83 220 5.20 1630 1311 80.43
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General purpose aluminium motors

Technical data for totally enclosed squirrel
cage three phase motors

IP 65— IC 411 - Insulation class F, temperature rise class B

147

Efficiancy Power Cuent Torque

Ful 34 factor |, I, T = T
Quiput Motor type Product code Speed load locad cos o —_— _
kW rmin - 100% 75% 100% A i Nm o T, T,
1500 ¢/min = 4 poles 400 V 50 Hz Basic design
1.1 M3IAA 90 L 3GAA 092 312+E 1420 830 843 080 24 &1 74 29 34
.5 M3IAA 100 LA AGAA 102 31wE {440 856 835 0BZ 32 69 10 28 44
2.2 M3AA 100 LC 3GAA 102 313«E 1450 868 865 077 48 85 145 40 48
3 MIAA 112 MA AGAA 112 021=C 1455 &7.5 978 081 62 79 107 27 a7
4 M3IAA 1120 3GAA 112 (22-C 1455 803 896 076 86 B3 263 30 4
5.5 M3IAA 1328 AGAA 132 023--C 1480 BO.3 905 084 106 T8 % 22 34
7.5 M3IAA 132 M 3GAA 132 024-=C 1450 004 Q14 087 14 8.5 49 33 32
11 M3AA 160 M 3GAA 162 101-=C 1465 01,5 920 083 2o 74 72 34 34
15 M3AA 160L 3GAA 162 102--C 1455 918 920 084 285 95 [t} 29 32
18.5 M3AA 180 M AGAA 182 101--C 1470 023 923 084 35 7.0 120 34 2.7
22 M3IAA 180 L AGAA 182 102--C 1470 031 936 085 40 8.5 143 36 29
30 M3AA 200 MLB  3GAA 202 001w=C 1475 034 936 084 35 7.0 104 25 28
37 M3IAA 225 SMA  3GAA 222 001-C 1480 036 936 084 68 6.6 230 24 25
45 MIAA 225 SMB  3GAA 222 002.-C {1480 942 942 083 43 6.7 200 27 28
55 M3IAA 250 SMA  3GAA 252 001-=C 1480 046 946 086 08 75 a5 23 28
75 M3IAA 280 SMA  AGAA 282 001-=C 1480 048 0950 086 12 74 486 34 35
90 M3IAA 200 SMB  3GAA 282 002.-C 1475 050 955 088 157 77 583 50 32
1500 r/min = 4 poles 400V 50 Hz High-outputdesign
1.85 U M3IAA 9OL AGAA 002 003-E 1390 795 781 0.80 44 45 13 22 24
22 % M3AA 90LB 3GAA 002 004-E 1300 803 810 083 485 45 15 22 24
4 U M3AA 100 LC 3GAA 102003+E 1420 810 817 082 BB5 55 Il 25 28
55 " MJAA {12MB AGAA 112 002-C 1425 845 855 083 114 TAd 7 248 ad
9.2 " M3AA 132 MBA  3GAA 132 004-~C 1445 B78 892 087 175 72 61 27 27
11 " MIAA 132 MB AGAA 122 003--C 1450 @88 809 086 2 77 72 25 25
185 U M3AA 160 LB 3GAA 162 103-=C 1450 005 905 084 36 6.9 122 29 29
30 % M3IAA 180 LB AGAA 182 103-=C 1465 925 925 084 56 69 105 32 28
37 Y M3JAA 200 MLB  3GAA 202 002--C 1475 034 034 084 68 74 23 36 32
48 % MIAA 200 MLC  AGAA 202 003--C 1470 936 941 084 90 8.1 311 44 3z
55 ' MIAA 225SMC  3GAA 222 003--C 1480 0468 045 084 100 73 /5 31 28
73 B MIAA 225SMD 3GAA 222 004--C 1473 042 945 085 {32 ad 473 45 32
75 M3AA 250 SMB  3GAA 252 002-C 1480 048 050 086 {32 74 486 3.4 35
95 U M3JAA 250 SMC  AGAA 252 003--C 1475 048 054 028 {65 73 616 47 34

U Temperature rise class F

A.0n raguest,

The bullets in the product code indicate choice of
mounting arrangement, voltage and frequency,
generation code (see ordering information page}.

ABB LV Mators ¢ Cat. BU ¢ Ganaral purpose mators ¢ Aluminium GB 09-2003



148
é‘f'aaziwﬁ’wunuam@é’mmmmaan SIEMENS
LA - Aluminium housing - Basic version

& 50 Hz Foor further datails, 22 "Tachni-
calinfarmatizn’, Matars for tha
LS miarkat”,

Rated Siz=  Order Mo, Effi-  Cperaling data at rated oulpul Starting  Slarting Staling  Torqus Mcment Weight
cutpul Orcler M. ‘f;:”c'!' Paisd Efficitncy Power Raled Faled  1Juecumsnl lxque class o .
supplement led wolt- = 55 grzed g facter curtent WGV For girsct-anding siarling T' " Typaal
age andtype of con- al pl a4y as multipks of hs rated cerstr,
slruclicn, 933 lable IMB3
Ehow 44 3. lerque  cumsnl  torque approx.
had
kW @ pm % % A Nm KL kam® kg
3600 rpm. 2-polke. 50 Hz
0.09 S8 1LA90S0-2KA .. 2330 880 880 079 024 03 29 45 30 e 00015 3
0.12 1LA9053-2KA .. 2830 =90 89.0 081 0.31 040 28 4.3 28 16 oo 4
0.48 3N 1LA9080-2KA .. 240 700 0.0 078 048 081 25 48 31 8 002 4
025 1LA9 063-2KA .. 2330 700 70.0 082  0%3 084 23 49 25 1o 000028 3
037 TIM 1LA9070-2KA .. 240 740 40 077 03 12 31 6.5 31 B QM 6
0.55 1LA9073-2KA .. 2835 750 5.0 075 142 19 30 6.3 29 1 00x350 7
075 80K 1LA9080-2KA .. 270 810 800 084 185 25 35 8.3 32 fo Q0010 10
1.1 1LA9 083-2KA .. 1 2060 B840 840 089 215 37 32 70 32 B 013 12
1.5 935 1LA9090-2KA .. 1 2830 850 850 087 255 50 35 79 35 16 00018 15
22 90L 1LA9096-2KA.. 1 2890 965 865 087 425 73 35 70 35 fo 002 18
3 100L  1LA9106-2KA .. 1 2830 870 870 088 570 99 31 7.0 32 16 00M4 24
4 120 1LA9113-2KA .. 1 2405 985 885 083 V40 13 28 70 32 6 0077 3B
55 1325 1LA9130-2KA.. 1 2930 835 895 000 930 18 24 7.0 32 1% 0013 43
75 1LAG131-2KA .. 1 2230 @5 905 062 130 2 25 7.0 3.1 6 0024 5
11 160M 1LA9183-2KA .. 1 245 910 91.0 090 194 36 23 70 31 16 0.044 7
15 160M 1LA9164-2KA .. 1 2d5 915 915 090 263 49 23 70 34 6 0051 &
18,5 160L 1LA9166-2KA.. 1 240 923 925 002 315 60 23 70 31 16 0ms e
22 180M 1LA9183-2WA .. 1 245 630 432 089 81 Ti 25 7.2 33 6 0080 131
30 200L 1LA9206-2WA .. 1 2050 Q35 935 089 520 a7 24 7.0 32 1 015 185
7 LA 207-2WA .. 1 260 WO 040 089 840" 120 24 70 33 & 020 2
1500 rpm, 4-pole. 50 Hz
0.06 5S6M 1LA90S0-4KA .. 1380 510 610 086 022 42 27 31 28 e Qo273
0.09 1LA9 053-4KA .. 138) 820 620 068 031 082 27 3.2 28 6 000085 4
0.2 €3N 1LA9060-4KA .. 1335 w0 660 0BS5S 041 082 28 35 26 e 00as7 4
0.18 1LA9 083-4KA .. 1340 520 820 068 062 13 28 32 25 ®  000MS 5
025 TIM 1LA9O70-4KA .. 410 7.0 700 084 081 17 32 43 31 18 00078 5
037 1LAQ073-4KA .. 1385 710 710 073 103 26 28 42 30 1o 0,000 7
055 SONM 1LAG080-4KA .. 1410 770 770 078 132 37 28 58 240 16 00017 10
075 1LAG 083-4KA .. 1400 81.0 81.0 075 1380 5.1 35 58 35 16 oo0ed 12
1.1 9035 1LA9O90-4KA .. 1 1440 840 840 077 245 i T 6.4 32 18 00;B3 15
15  90L 1LAQO96-4KA .. 1 1440 850 850 077 33 99 31 6.7 34 16 00M) 18
22 1W0L 1LA9106-4KA ., 1 1435 865 885 082 45 15 3.1 70 36 16 ook 25
3 LA 107-4KA .. 1 1435 675 87.7 081 610 20 35 7.0 34 6 0007 30
a 120 1LA9113-4KA .. 1 1440 €85 890 081 810 2 28 5.9 32 1o 0014 37
55 1325 1LA9130-4KA .. 1 455 £33 895 084 105 38 24 7.0 35 8 oM@ 45
75 132M 1LA9133-4KA .. 1 1455 @13 05 084 143 44 3.0 70 35 e 0022 60
1 1800 ALAD1B3-4KA .. 1 1460 915 920 085 25 72 27 5.9 32 18 0,055 81
15 1600 1LA9166-4KA .. 1 160 920 023 085 275 98 24 70 33 8 0072 10
18.5  180M 1LA9183-4WA .. 1 1465 925 W30 084 M3 121 25 79 32 1o .15 125
22 180L  1LA9186-4WA .. 1 1465 980 034 084 403') 143 26 7.3 34 AL
30 20L LA 207-4WA .. 1 1465 G35 040 087 530 158 25 70 32 1o 022 1%

Higihar cutpts uncker LG - Castiron housing” on Fags 3096

Order No. supplements

S Pags 35
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Performance Data @

&7

1.1kW-110kW TEFC, CLASS F INSULATION, $1 (MCR) DUTY
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1500 min~" {4 pole) aluminium and castiron

I i “ k: F:
s & & &
3 "
@ na n IV WV LIV i i no Cos® Cos® Cos@ M, M, 3 W, J
Tn' Tyoa A A A 103 00%% 0531 193, 0m3 0% N M, = M, ogmi
018 02% 1370 T-DAGIMB 061 058 0.58 629 601 529 071 061 048 125 22 35 25 0.0006
0.25 033 137 T-DATIMA 08 076 0.7 675 655 609 070 063 0564 174 23 40 25 00012
237 05 137 T-DATIME 111 106 106 712 695 652 071 063 053 257 23 40 25 00016
0.55 075 1410 T-DA|DF)BOMA 15 15 15 726 726 632 073 067 054 37 21 46 25 0.002
375 1.0 1400 T-DA|DFB0B 193 189 183 743 743 697 077 064 048 51 21 a4 25 D002
14 1.5 133 T-DAIDF)30SA 293 284 284 766 791 754 073 068 050 765 22 48 26 0N
15 20 1330 T-DAIDFI90LA 36 35 35 789 798 7727 07 070 056 103 24 4 26 0.003
22 30 1415 T-DAIDFhOOLA 51 48 48 810 820 808 081 074 081 148 23 55 28 0.0V
31 40 1415 T-DAIDFI00LB 67 64 64  B26 842 B42 D82 075 064 203 24 53 30 0.007
0 55 1420 T-DAIDFMZMA 90 86 865  B42 861 B59 083 076 065 269 25 60 31 00095
3.5 75 144D T-DAIDF)1328A 118 113 113 858 868 BS5S 082 077 065 365 24 66 32 0021
75 10 1445 T-DAIDF)132MA 1456 146 146 B71 B74 BGE 085 079 074 496 24 71 3D 0.02%6
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3 40 1470 T-DA|DFi200L 57 5 B4 94 913 9b3 083 085 07 15 22 65 28 0.262
7 90 1477 TU-DF225S n & 65 920 922 911 0586 086 OB3 233 21 65 27 0405
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N 12 147 TU-DFZBIMA 165 157 161 939 940 936 0B3 0BG 082 583 24 65 3D 146
10 180 1486 TU-DFZBOMB 201 191 183 244 943 937 0B8 0BG 084 707 24 66 2B 268
110 180 1483 TU-DF3158 196 187 179 944 942 930 00 030 0B 0B 20 60 3D in
132 175 480 TU-DF315M 240 220 2119 947 248 241 0H3 0B 084 BE2 21 &0 3D 3
163 215 1485 TU-DF315LA 282 269 268 954 354 947 D30 0B 0B3 WA 21 5B 3D 373
200 270 1487 TU.DF31GLB %1 343 330 955 954 945 0B3 087 07 128 21 60 27 4ad
2500 33 1480 TU-DF35SM M3 422 405 851 947 934 00 0BD 0B W03 21 65 32 567
35 420 MBS TU-DF3S5L 3 523 502 965 953 943 001 030 0B 2026 20 61 34 656
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Rated 7.5 kW, 400 V, 50 Hz, 4 Pole

Manufacturer | Maximum | Current | Power | Speed | Torque | Efficiency | Efficiency

Torque(%) | (Amp) | Factor | (rpm) | (N-m) | 100%Load | 75%Load

ABB 320 14 0.87 1450 49 90.1 91.4
Siemens 360 14.3 0.84 1455 49 90.3 90.5
Teco 380 14.5 0.83 1460 49.1 90.3 90.9
Brookcrompton 300 14.6 0.85 1445 49.6 87.1 87.4

Rated 22 kW, 400 V, 50 Hz, 4 Pole

Manufacturer | Maximum | Current | Power | Speed | Torque | Efficiency | Efficiency

Torque(%) | (Amp) | Factor | (rpm) | (N-m) | 100%Load | 75%Load

ABB 290 40 0.85 1470 143 93.1 93.6
Siemens 310 40.5 0.84 1470 143 93.2 93.5
Teco 325 39.9 0.86 1470 142.9 92.7 93.1

Brookcrompton 330 41 0.86 1460 144 90.5 90.6
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Rated 37 kW, 400 V, 50 Hz, 4 Pole

152

Manufacturer | Maximum | Current | Power | Speed | Torque | Efficiency | Efficiency
Torque(%) | (Amp) | Factor | (rpm) | (N-m) | 100%Load | 75%Load
ABB 250 68 0.84 1480 239 93.6 93.6
Siemens 300 67 0.85 1480 239 94 94.4
Teco 289 65.9 0.87 1475 2305 93.6 93.8
Brookerompton 270 67 0.86 1477 239 92.0 92.2
Rated 75 kW, 400 V, 50 Hz, 4 Pole
Manufacturer | Maximum | Current | Power | Speed | Torque | Efficiency | Efficiency
Torque(%) | (Amp) | Factor | (rpm) | (N-m) | 100%Load | 75%Load
ABB 350 132 0.86 1480 486 94.8 95
Siemens 290 130 0.87 1485 482 95.1 95.2
Teco 335 128 0.89 1485 4823 95 95.1
Brookcrompton 310 134 0.86 1481 484 93.6 93.4

y { a a a 3 = °
ﬂﬁNﬁ 2.2 Nﬁﬂ’]‘il‘lJ?El‘UiﬁfJ‘]Jﬂ']'1."5&’ﬁﬂ‘ﬁﬂ'lwuazuiﬁ‘i_lﬂ‘ll@ﬂlﬂlﬂE)‘imutl’)u'ﬁl'lﬂuﬂﬂ'lﬁﬂﬂ

o dy v o
Hﬂgﬂ'lrﬂnlﬂftﬂﬂIﬂﬂlﬂﬁuﬂ']ﬁﬂ’]u’]ﬂ

Rated 7.5 kW ; T Efficiency | Efficiency | Efficiency
380 V, 50 Hz ,4 pole 50% Load | 75% Load | 100% Load
ABB Catalog 156.8 49 = 914 90.1
Program 156.78 49.2 91.56 91.26 90.07
Siemens Catalog 176.4 49 - 90.5 90.3
Program 176.38 49.11 89.73 90.63 90.28
Teco Catalog 186.6 49.1 90.3 90.9 90.3
Program 186.56 49.08 90.34 90.89 90.3
Brook Catalog 148.8 49.6 86.8 87.4 87.1
Crompton Program 148.78 49.58 85.55 87.23 87.1
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( Rated 22 kW ;- T Efficiency | Efficiency | Efficiency
380 V, 50 Hz, 4 pole 50% Load | 75% Load | 100% Load
ABB Catalog 414.7 143 ® 93.6 93:1
Program 414.69 142.95 93.09 93.51 93.1
Siemens Catalog 4433 143 = 93.5 93.2
Program 443,29 142.95 92.68 93.4 93.2
Teco Catalog 464.4 142.9 92.5 93.1 92.7
Program 464.42 142.9 92.45 93.03 92.69
Brook Cata‘iog 475.2 144 89.8 90.6 90.5
Crompton Program 475.22 143.94 89.3 90.56 90.5
Rated 37 kW P Tt Efficiency | Efficiency | Efficiency
380 V, 50 Hz, 4 pole 50% Load | 75% Load | 100% Load
ABB Catalog 597.5 239 - 93.6 93.6
Program 597.47 238.87 92.63 93.59 93.6
Siemens Catalog 717 239 - 94.4 94
Program 716.57 239.02 93.41 94.12 94
Teco Catalog 692.2 239.5 93.2 93.8 93.6
Program 691.34 239.55 92.95 93.74 93.6
Brook Catalog 645.3 239 91.1 92.2 92
Crompton Program 645.18 239.12 91.04 92.09 91.99




154

Rated 75 kW - i Efficiency | Efficiency | Efficiency

380 V, 50 Hz, 4 pole 50% Load | 75% Load | 100% Load
ABB Catalog 1701 486 - 95 94.8
Program 1700.37 484.97 94.62 95.05 94.81
Siemens Catalog 1397.8 482 z 95.2 95.1
Program 1397.74 482.02 94.9 95.31 95.09

Teco Catalog 1615.7 482.3 94 .4 95.1 95

Program 1615.69 482.28 94.42 95.05 94.99
Brook Catalog 1500.4 484 92.4 93.4 93.6
Crompton Program 1500.29 483.7 92.58 93.59 93.59
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Manufacturer: ABB, 400 V, 50 Hz, 4 Pole

Rated Output | 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 91.62 91.43 91.09 90.84 90.34
22 kW 93.41 93.52 93.47 93.41 93.23
37 kW 93.20 93.50 93.64 93.67 93.65
75 kW 94.92 95.04 95.04 95.00 94.89

Manufacturer: Siemens, 400 V, 50 Hz, 4 Pole

Rated Output | 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 90.33 90.59 90.63 90.56 90.41
22 kW 93.15 93.36 93.41 93.39 93.28
37 kW 93.85 94.07 94.14 94.14 94.07
75 kW 95.18 95.29 95.30 95.27 95.16
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Manufacturer: Teco, 400 V, 50 Hz, 4 Pole

165

Rated Output 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 90.78 90.91 90.84 90.75 90.48
22 kW 92.86 93.01 93.01 92.97 92.81
37 kW 93.44 93.69 93.76 93.75 93.67
75 kW 94.81 95.00 95.08 95.09 95.04

Manufacturer: BrookCrompton, 400 V, 50 Hz, 4 Pole

Rated Output | 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 86.53 8§7.08 87.31 87.33 87.22
22 kW 90.05 90.45 90.62 90.64 90.58
37 kW 91.67 92.02 92.14 92:.15 92.07
75 kW 93.19 93.50 93.63 93.66 93.64
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Manufacturer: ABB, 400 V, 50 Hz, 4 Pole

Rated Output | 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 29.17 34.26 39.11 41.86 46.79
22 kW 85.51 99.53 114.38 121.11 135.41
37kW 143.87 167.26 190.04 203.95 225.66
75 kW 287.06 334.88 387.78 410.98 456.77

Manufacturer: Siemens , 400 V, 50 Hz , 4 Pole

Rated Output 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 29.17 34.25 39.23 41.55 46.62
22 kW 85.16 89.21 114.14 120.91 135.33
37 kW 142.74 166.22 189.21 203.32 225.46
75 kW 291.27 338.6 384.99 407.82 460.07
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Manufacturer: Teco, 400 V, 50 Hz, 4 Pole
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Rated Output 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 29.04 34.14 39.13 41.45 46.56
22 kW 85.26 99.28 114.16 120.92 1353
37 kW 142.01 167.88 190.87 202.17 226.54
75 kW 290.11 337.56 384.21 407.22 460.03

Manufacturer: BrookCrompton, 400 V, 50 Hz, 4 Pole

Rated Output 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 29.15 34.22 39.36 41.87 46.98

22 kW 85.81 99.94 114.65 121.47 136.54
37 kW 141.96 167.36 189.61 204.1 227.64
75 kW 289.95 33995 382.88 413.05 460.43

d' o a o - o A [ a 9
M5190 2.5 namsieaszua lihSunnveswemesmileniianiiz Tnaasdagnldan

Tilsunsw
Manufacturer: ABB, 400 V, 50 Hz, 4 Pole
Rated Output | 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 9.52 10.56 11.63 12.26 13.42
22 kW 26.87 29.86 33.20 34.75 38.16
37 kW 45,57 50.72 55.98 59.31 64.65
75 kW 88.11 98.04 109.59 114.81 125.36
Manufacturer: Siemens, 400 V, 50 Hz, 4 Pole
Rated Output | 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 9.98 10.99 12.05 12.57 13.71
22 kW 27.56 30.48 33.76 35.30 38.67
37 kW 44.89 49.90 55.04 58.31 63.57
75 kW 85.84 96.21 106.79 112.14 124.67
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Manufacturer: Teco, 400 V, 50 Hz, 4 Pole
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Rated Output | 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 10.35 11.30 12.31 12.80 13.92
22 kW 26.91 29.86 33.16 34.69 38.07
37 kW 43.22 48.89 54.16 56.81 62.69
75 kW 83.72 94.13 104.73 110.08 122.62

Manufacturer: BrookCrompton, 400 V, 50 Hz, 4 Pole

Rated Output | 60% Load 70% Load 80% Load 85% Load 95% Load
7.5 kW 991 10.99 12.14 12.73 13.96
22 kW 28.06 30.99 34.20 35.94 39.24
37 kW 43.94 49.59 54.78 58.26 64.09
75 kW 89.96 100.63 110.22 117.16 128.35
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3D-10

Session Title: Machine Modelling and Simulation
Chairperson: Tasso Athanasiadis

Day: Thursday

Date: 24™ November 2005
Time: 2:00PM — 3:40PM

Room: M10

3D-10.1 1568963930
A Novel Half-Way Shifting Bezier Curve Model

Ferdous Sohel, Laurence Dooley, Gour Karmakar

“Bezier curves can cause a considerable gap to occur
between the approximation curve and its control polygon,
due to considering only the global information of the control
points. In order to reduce this efor in curve representations,
localised information needs to be incorporated, with the
main philosophy to narrow down the gap by shifting the
Bezier curve points closer to the control polygon. To
integrate this idea into the theorefical framework of the
classical Bezier curve model, this paper presents a novel
Half-way shifting Bezier Curve (HBC) model, which
automatically incorporates localised information along with
the globa! Bezier information. Both subjective and objective
performance evaluations of the HBC model using upon a
number of objects having arbitrary shape confim its
considerable improvement over the classical Bezier curve
model without increasing the order of computational
complexity.”

3D-i10.2 1568964850

The Influence of IGV and Relative Humidity of Air
on Performance Map of Axial Flow Compressor

Zhang Xuelei

"Compressors constitute an integral part of most turbo
machinery systems and are widely used in many chemical,
industrial, and aerospace applications.- The performance
map of compressor is influenced by IGV dosure angle and
relative humidity of air. The calculation model! of axial flow
compressor is Guilt in the paper, and the influence of IGV
and relative humidity on performance map is analyzed in
the paper.”

3D-10.3 1568554083

New method for nanc hardress measurement of
single crystal Aluminum

Shahjada Pahlovy

Nano hardness is an important mechanical properties of
materials most used to characterize the wear resistance of
materials. In this present paper a procedure is developed
for calculation of nano hardness by nano indentation and an
Atomic Force Microscope (A.F.M).A three sided pyramidal
diamond tip has been used for the indentation experiment.
Experiment has been concluded on single crystal Aluminum
(Al). The load displacement data have been used to obtain
the nanoindentation hardness and the room temperature
nano hardness properties of single crystal Al have been
investigated at different indentation loads. Comparison of

the data obtained using nano indenter with that obtained by
using new technique was brefly discussed. It has been
shown that the measured nano hardness values of the
material sensitively depend on the applied load of
indentation. It is also shown that the measured nano
hardness is smaller than nano indenter hardness.

3D-10.4 1568965015

Energy Management Program for Use of
Induction Motors Based on Efficiency Prediction

Thanaphiwat Phumiphak, Thanapol Kedsoi, Chaiwut
Chat-uthai

“Electric drive systems are cumrently responsible for the
largest part of the electricity consumption. As the cost of
energy increases, it is increasingly more important to
remove the inefficient induction motors from oneration. This
paper proposes an energy management program that can
help the plants toc determine how much saving will be
achieved by using more efficient motors. This paper
focuses on the use of motor field efficiency estimation of
motors without the removal of motor from service and
without the output power measurement, and the use of
motor efficiency prediction based on the manufacturer
informatior:. The motor efficiency evaluations are obtained
from the equivalent circuit method. The test results indicate
that this program is tool of accurate economic analysis for
the purchase scenario. As result, it is possible to conduct
on-site energy audits of existing motors in order to
determine the potential savings and payback period with
great confidence.”

3D-10.5 1568965346

Application of Power Source Elementin Power
Factor Correction

Kamon Jirasereeamomkul, Marian Kazimierczuk,
{tsda Boonyaroonate, Kosin Chamnongthai

"A new application of power source element in power factor
comrection is proposed. The power source is insertec
between a brid e rectifier diodes and a large capacitance
bulk capacitor to increase the conduction angle of the
rectjfier diodes. The power from the DC bus is transferred k&
power source via a loss free resistor connected with the DC
bus. Analysis, design example, control scheme, anc
simulation results are given in this paper.”
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Energy Management Program for Use of
Induction Motors Based on Efficiency Prediction

T. Phumiphak, T. Kedsoi and C. Zhat-uthai

Abstract—Electric drive systems are currently responsible for
the largest part of the electricity consumption. As the cost of
energy increases, it is increasingly more important to remove the
inefficient induction motors from operation. This paper proposes
an energy management program that can help the plants to
determine how muck saving will be achieved by using more
efficient motors. This paper focuses on the use of motor field
efficiency estimation of motors without the removal of motor
from service and without the output power measurcment, and the
use of motor efficiency prediction based on the manufacturer
information. The motor efficiency evaluations are obtained from
the equivalent circuit method. The test results indicate that this
program is a tool of accurate economic analysis for the purchase
scenaric. As a resuii, it is possible to conduct on-site encrgy
audits of existing motors in order to determine the potential
savings and payback period with great confidence.

Index Terms— Induction motors, {ield efficiency, efficiency
prediction, equivalent circuit method, on-site energy audits.

[. INTRODUCTION

NDUCTION motors which are a part of the drive system are

exiensively applied in the industry plants due to their low
price and ruggedness. Industrial buyers often make decisions
about the purchase of motors for replacement of existing
motors or new installations. The industries can save a large
amount of money by replacing inefficient motors with new
energy-efficient ones. As the cost of energy is growing at a
high rate, it is important to consider the economic impact of
motor efficiency on the business when making such decisions.
The energy efficiency classes for low voltage induction
motors have been implemented in Europe and the U.S. [1] in
order to improve energy efficiency and thus reduce carbon
dioxide emissions. Therefore an increase of efficiency in
motors will result in large energy savings.

In general, the European CEMEP protocol defines the
efficiency classes for the industrial induction motors as
follows : EFF3 class (standard efficiency) motors offer a very
low efficiency and represent an uneconomic investment in
most of the situations, therefore they are not recommended.
On average EFF2 class (energy efficiency) motors and EEF1
class (high efficiency) motors can reduce energy losses by up
to 20 % and 40 % respectively. In the case of a 15 kW motor,
the EFF1 and EFF3 motors have efficiencies of 91.8 % and
88.2 % respectively. For high operating hours (more than 6000
hours per year), this means that the industry can save energy

T. Phumiphak is with the Department of Electrical Po‘wu Engincering,
Faculty of Engincering, Mahanakorn University of Technology, Bangkok
10530, Thailand (e-mail: kcthanaphiwat@yahoo.com).

T. Kedsoi and C. Chat-uthai are with the Department of Electrical
Engincering, Faculty of Engincering, King Mongkut's Institute of Technology
Ladkrabang, Bangkok 10520, Thailand (c-mail: kechaiwu@kmitl.ac.th).

0-7803-9312-0 /05/$20.00 ©2005 |IEEE

about 4 MWh per year. The higher purchase cost of EFFI
motors can be compensated in a short time which yield an
adequate return on investment.

TABLE 1
EXAMPLES OF EFFICIENCY CLASS DEFINATION FOR 2-POLE AND 4-POLE

EFF 3 EFF 2 EFF 1

kw 2-pole  4-pole

11 <762 >=76.2 >=828 >=838

2.2 <81.0 >=81.0 >=856 >=86.4

4 <84.2 >=84.2 >=87.6 >=833

7.5 <87.0 >=§7.0 >=89.5 >=90.1

11 <884 >=§8.4 >=90.5 >=91.0

15 <89.4 >=89.4 >=913 >=918

37 <92.0 >=92.0 >=933 >=936
|55 <93.0 >=93.0 >=94.0 >=942
(KD <939 >=93.9 >=950 >=950 |

From Table I, the motors are defined as totally enclosed fan
ventilated, three-phase squirrel cage induction motors in the
range 1.1 to 90 kW, having 2 or 4 poles rated for 400 V line,
50 Hz. These account for the largest volume on the market.
All efficiency levels are based on the IEC 34-2 siandard [2].
EFF1, the highest efficiency level, can at the moment only be
achieved by some of the leading manufacturers.

In order to determine how much saving will be achieved by
replacing the existing motor with more efficient one, there are
many methods [3], [4], [5] can be used to evaluate the motor
efficiency. One common method is to test the motor under
load conditions and then monitor the input and output at
different load points. This is the most straightforward method
to measure the output power directly from the shaft without
any need to calculate losses. However, this is not suitable for
the field evaluation because this process involves the removal
of motor from service. Obviously, this method is impractical
and costly. Another accurate method relies on using the no-
load and blocked-rotor test results, which is a difficult task, to
estimate the motor equivalent circuit parameters.

In the plant, engineers may estimate the motor efficiency
based on manufacturer information from the nameplate and
input measurements, such as slip method and current method.
Using these methods, a few problems may occur. First, the
nameplate efficiencies of a given motor can be evaluated
according to different standards. Second, the nameplate data
are rounded. Third, the motor may have been rewound. Hence,
the error in estimated efficiency could be very high.

The developed method [6] has been proposed to address the
energy consumption in the motor whereby the efficiency of a
motor in the field can be estimated quickly with minimum
disturbance to the production process (without the need to
disconnect motor). The aim of this paper is to propose the use
of computer program for energy management which is the



tools of cconomic analysis. This program can help buyers
make more intelligent decisions in order to project cost
savings and payback period, and to support a confidence
decision regarding the investment in higher efficiency motors.

II. ACCURATE ECONOMICAL METHOD

The induction motor efficiency characterizes the energetic
behavior during the conversion of the electrical power in
mechanical power. Comparison of motor efficiencies is
certainly a valid tool to justify the use of one motor over
another. The efficiency is mainly a function of output load,
horsepower rating, and speed which can be defined as

Prechanical 1)

Efficiency = Prnechanical =
P.'nechanicai + Losses

electrical

where Fyochanical denotes output power at the motor shaft,

and Pyfocsrical is electrical power absorbed from the supply.
The difference of these two powers is the total motor losses
which can be subdivided into stator and rotor copper losses,
iron and mechanical losses, and stray load losses. The Stray
load losses are the additional fundamental and high-frequency
losses in the iron; strand and circulating-current losses in the
stator winding; and harmonic losses in the rotor conductors
under load. These losses are assumed to be proportional to ihe
torque squared [7].

The evaluation of motor efficiency in this paper is based on
the equivaleni circuit method [3). Most circuit models used in
the past eliminated these losses because it is very difficult to
model and theirs phenomena are still under discussion. Note
that neglecting such losses will introduce a significant error in
estimating the etficiency. It is important to remark that the
operating of motor at loads substantially different from rated
load may result in a change in motor efficiency. A moderate
increase of a few percentages points in motor efficiency can
represent a rather significant decrease in percentage of motor
losses. In order to improve the accuracy of the estimation, the
equivalent circuit model used in this present work has already
included the stray load losses parameter as described in the
previous paper [6].

A. Field Efficiency Estimation

This method focuses on the efficiency estimation of an
actual motor without the need for removing motor from the
process and without the need to measure the output power.
The motor equivalent circuit parameters can b= estimated by
using a few sets of data from the field test and nameplate
information coupled with the genetic algorithms. The test data
are input voltage, current, electrical power, stator resistance
and speed of the motor obtained from the measured values at
either one operating point test (OPT) or two operating points
test (TPT). The motor circuit parameters can be found by
minimizing the error of objective function (2)

Fin ical

n
Fobjcctivc = Z 1

i=1

2
[ n
li,cal -] i Z (2)
h;

Jmea =1

ni,mea
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where Iy; o and By, ., are the calculated values of input

measured values when n=1 (OPT) and n=2 (TPT). Then
the field efficiency of motor can be obtained in a short time.

current and power respectively. fimea and Raimea are the

TABLE 11
SUMMARY RESULTS OF ESTIMATED FIELD EFFICIENCY FOR
4-POLE MOTOR AT VARIOUS LOADS USING TPT AND OPT

75 kW Motor Load
Methods 2/4 3/4 4/4 5/4
TPT 50% & 75% 94.5 95.2 95.1 94.6
50% & 100% 946 95.3 95.2 94.7
75% & 100% 94.5 95.3 95.2 94.7
IEEE 112 Mcthod B 95.5 95.9 95.8 95.5 -
OPT 50% 943 - = =
75% - 96.2 - -
100% - 95.9 -

Considering the results obtained in Table I, it can be stated
with confidence that this simple fast and low-cost method will
yield virtually the same results (error about 1%) as using the
sophisticated standard tests.

B. Efficiency Prediction Based on Manufacturer Information

In forecasting the efficiency of a given motor from the
manufacturer catalog, the nominal efficieiicy or the minimum
efficiency must be mentioned. Both of these values are of use
to the prospective purchaser of a motor., The nominal
efficiency should be used in estimating the power required to
supply a number of motors. The minimum efficiency permits
the motor user the assurance of having received the specified
level of performance. All manufactured motors are subject to
variances associated with materials and manufacturing
methods. No two motors will perform exactly the same, even
though they are of the same design and produced on the same
assembly line. The manufacturer information usually describes
the motor behavior with a set of magnitudes such as full load
mechanical power ( Py ), current (i ), slip (sgz), power

factor ( PFgy ), efficiency ( Eff gy ), maximum torque (T, )
and full load torque (Tg). The motor parameters can be

estimated by using the usual information from manufacturer
catalog coupled with the genetic algorithms in order to
minimize the error of (3)

= 2 2
oo = MIFprog (L PPrLproe (|,
= I . 2| PFrLcata
" 2 2
1 LSS T /PN
2| PrLcata 2| EffFL cata
2
1| Tmaxprog _
2 L Tmax,cata

where subscript cata stands for the value from catalog data,
and prog stands for the calculated value obtained from



numerical program. As a result of (3), then the motor
parameters can be obtained and it is possible to predict the
efficiency of motor in the catalog at any load.

The results in Table IIl indicate that the acceptable
predicted efficiencies compared to those achieved from
manufacturer information are obtainable (different within 1%).

TABLE 11l
SUMMARY RESULTS OF PREDICTED EFFICIENCY FOR 4-POLE MOTOR
AT VARIOUS LOADS USING MANUFACTURER INFORMATION

kW  Motor Load | 60% 5% 90% 100%
45 Catalog - 94.20 - 94.20
Program 94.12 | 9436 | 9433 | 94.22
200 Catalog - - - 96.20
Program 96.28 96.35 96.25 | 96.13

C. Cost Savings and Payback

The accurate field efficiency =stimation and efficiency
prediction based on manufacturer information then can be
used to determine the economics of investing in buying new

energy-efficient motors. The annual cost savings ( Asaving ) in

Baht ($1 = 40 Bal.i) is determined using the following formula

1 1
Amvr'ng = Four LAy C(“E_ - _]

ex Eee

()

where F,, stands the motor rated in kW, L is the percentage
of full load divided by 100, k, is the annual operating hours,
C is the average energy costs, E,. and E,, denote for the

existing motor efficiency arnd the new energy-efficient motor
cfficiency rating in percent respectively. It is suggested that
the Present Worth Life Cycle method [8] should be used. This
technique relies on calculating the present value of the
achieved savings taking into account the cost of capital and
the inflation rate for energy cost as the foliowing equation

i= 100+r, )
100+ 5
(1+i)" =1
£ Wsa'ving = A:aving (6)

i(1+i)"

where i is the efective interest rate, ry is the expected annual
rate of energy cost inflation, r, is the required interna! rate of
return on investments, n is the expected operating lifetime of
the motor and PW,,ing denotes present worth of savings
which can then be used to determine the feasibility of
investment. Then the payback period nppg (years) required to

recover the differential investment for a new motor can be
determined as
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A F
savin
In{ — g

i Crmotor = Asaving

In(1+14)

npg = 0]

where Cpo10r denotes the motor cost.

[II. ENERGY MANAGEMENT PROGRAM

This economic evaluation is a useful program to determine
the relative advantage of motor information with different
efficiencies. Choosing which motor to buy based on the lowest
price may lead to an incorrect economic choice. The program
results can help the user to choose the alternative that is the
most profitable for the business. One question of interest is
whether it is economically justified to replace the existing
motors with the new motors of higher efficiency. Comparison
must be made beiween continuing to operate the existing
motor and removing the existing motor and replacing it with a
new motor. If the existing motor has been in service for many
years and has a very low efficiency relative to the new motor,
and the cost of electricity is very high, then it is possible that a
replacement will be economically attractive. Therefore, it is
worthwhiie to measure the efficiency of existing motors, and
the evaluation method (field efficiency estimation) used must
have the potential of quickly estimating the actual efficiency
of motors on-site with high accuracy in order to make a
decision with great confidence.

Figs. 1-2 show the procedures of energy management
program. The nameplate information of the existing motor has
been prepared as shown in Fig. 1, and the field measurement is
then made at operating load (need not be close to no-load or
full-load) while the motor is in service as shown in Fig. 2.
Fig. 3 shows the estimated efficiency performances of the
existing motor. The next step is to determine the efficiency
performances of the new energy-efficient motors using the
efficiency prediction based on manufacturer information as
shown in Fig. 4. Fig. 5 shows how efficiency considerations
between the existing motor and 2 new motor can effzct the
replacemeiit decision such as annual cost savings, new motor
efficiency and payback period.
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Fig. 1. Nameplate information of the existing 55 kW motor.
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Fig. 4. Efficiency prediction of the new energy-cfficient motor based on
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Fig. 5. Efficiency considerations for the replacement decision.

TABLE IV
NAMEPLATE INFORMATION OF EXISTING MOTORS

Fig. 3. Estimated efficiency performances of the existing 55 kW motor.

IV. DISCUSSION OF RESULTS

The following is a review of the results obtained on three
different size existing motors (18.5 kW, 22 kW, and 55 kW).
The nameplate information of the motors are shown in Table
IV. Table V illustrates the field test data of these motors
measured while they are in service and the results of estimated
efficiency at their operating load are tabulated in Table VI.

PSP S Motor | 18.5 kW 22 kW S55kW
(X Derformarces fetimation A £l - 3 et Hz 50 50 60
By Somad | Torauc Spmed | Outpnt Pom Sowed (Do DA Fomrs ] bpnt fomes med | e bt Pomes | 0 350 380 450
N — A 35 3 91
: R e 1460 1465 1185
/ Pole 4 4 6
Ld
i / TABLE V
/ FIELD TEST DATA OF EXISTING MOTORS
-
i / ‘Motor [ 185kW [ 22kW 55 kW
V Input Voltage (V) 380.8 381.5 460
- ‘)’ Input Current (A) 35.64 42.12 76.4
Input Power (kW) 2023 24.0 50.21
" =y e e e~ e — Speed (r/min) 1459 1467 1188.9
Back l Hoant j
TABLE VI

SUMMARY RESULTS OF ESTIMATED EFFICIENCY FOR EXISTING MOTORS
AT OPERATING LOAD

Motor | 18.5kW 22 kW 55 kW
Output Power (kW) 18.25 21.77 45.35
Operating Load (%) 97.84 98.96 81.05
Efficiency (%) 90.33 91.32 90.31
Torque (N-m) 119.37 144.1 364.11




Table VII presents the results of predicted efficiency based
on manufacturer information for the new motors at the same
operating load as the existing motor. The predicted efficiency
performances of these motors at any load are also illustrated in
Fig. 6. It can be seen that the motor efficiencies at any load
which are not available in manufacturer catalog can be
predicted. Table VIIT shows the summary results of how much
savings can be achieved. In order to determine the payback
period for the economics of investment, the example results of
55 kW motor are demonstrated in Table IX. The results show
that the estimated payback period can vary from 4 years up to
7 years depending on the hours of operation and the cost per
kilowatt-hour. It is important to mention that the efficiency
figure used must be the efficiency value at actual load since
the fact that the efficiency of motor can vary significantly
across the load.

— A4P-18.5 kW

Efficiency (%)
o
~

50 60 70 80 90 100 110 120

Load (%)
95 — A-4P-22 kW
+ ——S4P-22 kW
3
z
£
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E
=
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50 60 70 8 % 100 110 120
Load (%)
96 — B-4P-55kW
'{' | 94.57% ——S-4P-55kW
3
z
£
&
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9 e
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Load (%)

Fig. 6. Predicted Performances of the new motors based on manufacturer
information,

180

TABLE VII
SUMMARY RESULTS OF PREDICTED EFFICIENCY FOR NEW MOTORS AT
OPERATING LOAD BASED ON MANUFACTURER INFORMATION

Motor | 185kW | 22kWw [ “s5kw |
Qutput Power (kW) | 18.25 21.77 4535
Operating Load (%) | 97.84 98.96 81.05
Motor A 92,75 93.13 -
Efficiency | Motor B S - 94.57
(%) Motor S 92.47 93.03 94.21
Existing 90.33 5i.32 90.31

A :ABB, B:BALDOR, S:SIEMENS

TABLE VIII
SUMMARY RESULTS OF ANNUAL COST SAVINGS AND PRESENT WORTH
OF SAVINGS FOR NEW MOTORS AT OPERATING LOAD

Hours of operation per year 4800

Cost of kilowatt hour (Baht) 2.0

Energy cost inflation (%) 30

Internal rate of return (%) 10

Existing Efficient
motor motor Annual PW uving
efficicncy cfficiency savings 10 years
Motor (%) (%) (Baht) (Baht)

18.5 A 92.75 5,019 35,587
W [s s 9247 | 4452 | 31555
22 A 93.13 4,448 31,538
W [ s 9132 9363 | 4207 | 29828
55 S 9421 19,616 139,085
kw [ B S92 9457 | 21345 | 151345

TABLE IX
EXAMPLE RESULTS OF PAYBACK PERIOD DETERMINATION FOR
MOTOR S AND MOTOR B AT OPERATING LOAD

Manufacturer | Manufacturer
Motor S B
55kW | Costof new motor (Baht) | 100,500 112,500
Efficient motor efficiency (%) 9421 94.57
Existing motor efficiency (%) 90.31
Hours of operation per year | 4200
Cost of kilowatt-hour (Baht) | 2.0
Annual saving (Baht) 19,616 21,345
Fayback period (ycars) 6.51 6.74
Hours of operation per year | 4800
Cost of kilowatt-hour (Baht) 3.0
Annual saving (Baht) 29,425 32,018
Payback period (years) 4.02 4.15
Hours of operation per year | 6000
Cost of kilowatt-hour (Baht) 2.0
Annual saving (Baht) 24,520 26,682
Payback period (years) 4.96 5.3

V. CONCLUSION

The proposed energy management program for use of the
induction motors has been described. This program relies on
the technique for estimating efficiency of the existing motor
based on on-site measurement coupled with the technique for
predicting efficiency performance of motor from catalog based
on manufacturer information. The advantages of this proposed



program are that it is a simple procedure to quick estimate the
efficiency of motor in the field while the motor is operating,
and it is possible to predict the efficiency of motor operated at
any load in which the data is not available in the manufacturer
catalog. The results indicate that the acceptable estimated
efficiencies and predicted efficiencies are obtainable (error
about 1 %). It is worth noting that this proposed program is
suitable for conducting on-site energy audits of actual motors
and provides information for the decisions to immediately
replace motors with more efficient ones. [t also suitable for the
purchase scenario of the motor selection which can project
cost savings and payback period and this can be support the
right decision in purchasing the new energy-efficient motors.
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Abstract

As Lhe'cost of energy is growing at a high rate, it is important
to consider the economic impact of motor efficiency on the business.
This paper proposes the method for considering efficiency of three-
phase induction motors for energy management. The field efficiency
estimation and efficiency prediction based on manufacturer information
techniques are presented. These techniques can be used for the purchase
of motors for replacement of inefficient existing motors or new
installations. The compared results of motor performances obtained
from various techniques show that these proposed techniques are fast
and high accuracy which are suitable for industrial energy management

in order to determine the cost saving regarding the investment.

Keywords: energy management, induction motor, field efficiency

estimation, efficiency prediction.
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