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ABSTRACT

Induction motors are electrical machines that operate based on electromagnetic principles to convert
electrical energy into mechanical energy. In the oil and gas industry, electric motors are widely used for
operational processes. This accounts for a large portion of operational costs. At the Fuel Oil Complex II
operating unit, the 01 1P-109B drive motor for the LDO product pump was damaged, so the motor was
replaced with one that exceeded the existing specifications, namely from 125HP to 150HP, 111.855
kW, 2 poles, and a frequency of 50 Hz. Research was conducted to test the efficiency of the motor. The
method used in this test was a literature review of several publications that comply with national and
international standards. Based on efficiency calculations, the 150HP induction motor has superior
operational efficiency compared to the 125HP motor, with an average efficiency of 93.63% compared to
93.15%, as well as lower power loss of 4.8kW compared to the 125HP motor, which has a power loss
of 5.01kW. The comparison results with the IEC 60034-30-1:2014 standard show that both motors are
technically classified in the IE2 (High Efficiency) to IE2+ (Borderline IE3) category.
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INTRODUCTION

An induction motor is a type of alternating current motor in which the current flowing through
the motor does not come directly from a power source, but is generated due to the difference between
the rotational speed of the rotor and the rotating field produced by the stator current. An induction
motor is an electrical machine that works on the electromagnetic principle to convert electrical energy
into mechanical energy (Septianto et al., 2015). Electric motors can work on the principle of
electromagnetic induction originating from the stator coil to the rotor coil. When the stator coil is
connected to a 3-phase power source, a rotating magnetic field will arise. The lines of flux force that
arise due to the electric force will cut or induce the rotor coil. According to Faraday's law of
electromagnetic induction, the frequency of the induced emf is equal to the supply frequency. Its
magnitude is proportional to the relative speed between the flux and the conductor, and its direction
can be determined using the right-hand rule. Because the rotor bar or conductor is a closed circuit,
the direction of the rotor current is generated in accordance with Lenz's law, flowing towards the rotor
coil (Theraja & Theraja, 2005). The widespread use of electric motors in industry accounts for a large
portion of operational costs. The use of motors that are unsuitable or too large for the load being
served can result in waste. However, sometimes it is necessary to select a motor that is too large to
accommodate peak load conditions, such as when a pump must meet very high demand (Wijaya,
2001). Therefore, it is important to determine the appropriate motor by analyzing the load and motor
efficiency. The 011P-109B was damaged and recommended for replacement, but the motor
specifications used in the 011P-109B were 150 HP, exceeding those of the existing motor, so a review
of the motor's efficiency was conducted. Energy efficiency is an effort that must be made to reduce
the large amount of energy used in a piece of equipment.

Working Principle of Electric Motors

Electric motors work on the principle of electromagnetic induction originating from the stator
coil on the rotor coil. When the stator coil is connected to a 3-phase power source, a rotating magnetic
field is generated. The lines of flux force that arise due to the electric force will cut or induce the rotor
coil. According to Faraday's law of electromagnetic induction, the frequency of the induced
electromotive force is equal to the supply frequency. Its magnitude is proportional to the relative
speed between the flux and the conductor, and its direction can be determined using the right-hand
rule. Because the rotor bar or conductor is a closed circuit, the direction of the rotor current is
generated in accordance with Lenz's law, flowing towards the rotor coil (Novianto, 2022).

The stator frame contains copper wire coils that are shaped to produce a magnetic field. The
number of magnetic poles in an electric motor varies for each coil. This number of magnetic poles
can affect the speed of the rotor in minutes, commonly referred to as RPM (Rotation Per Minute). The
number of poles is the number of magnetic poles in one revolution/circle (3600) in each coil/winding.
The more magnetic poles there are, the smaller the stator field rotation produced. Conversely, if there
are fewer magnetic poles, the stator field rotation will be greater. This rotational speed is called
synchronous speed.

Synchronous speed formula
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Figure 1. Working Principle of Induction Motors
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Slip Induction motor

The difference between the synchronous speed Ns and the actual speed N of the rotor is called
slip. The relative rotational difference between the stator and rotor is called slip. As the load increases,
the motor torque increases and the induction current in the rotor also increases, so that the slip
generated between the stator rotating field and the rotor winding becomes greater (Prawira, 2022).

Ns—
Ns

%slip S =2 x100 (2)

Electric Motor Efficiency

The effectiveness of an electric motor can be calculated from the efficiency value of the machine
in converting electrical energy into mechanical energy. This efficiency is directly related to losses in
induction motors, regardless of the design of the machine itself. Efficiency is usually expressed as
the ratio of output power to input power, often as a percentage, or as the ratio of output power to
total output power plus losses (Barus, 2022), which can be formulated with the following equation:

__ Pout
~ Pin

x 100% (3)

At low loads, fixed losses are greater than the output power, so the resulting efficiency tends to
be low. As the load increases, efficiency also increases and peaks when core losses and variable losses
are balanced. Maximum efficiency generally occurs in the range of 80-95% of the machine's output
capacity, with higher values for larger motors. If the applied load exceeds the load that produces
maximum efficiency, load losses will increase faster than output, resulting in a decrease in efficiency
(Alam, 2022).

The efficiency of an induction motor can be calculated using the formula:

Motor efficiecy = n = WX 100% (4)

Load Factor = L xl x100% (5)
Ir Vr

RESEARCH METHODS
This research will be conducted in accordance with Figure 1, which is a research flowchart, to
facilitate and assist the research process.
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Figure 1. Research process
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RESULTS AND DISCUSSION
The results of the data collected from the nameplate can be seen in the following table:
Table 1. Specifications of Three-Phase Induction Motor 011P-109B 125HP

Modle S5K444SS121
RPM-FL 2970
Voltage 380V
AMP-FL 161

HP 125
frequency 50 Hz

Power Factor Full Load 0.94
3% Load 0,94
Y2 Load 0,92

Eficiency Full Load 94,5%
% Load 95,0%
Y% Load 94,8%

Table 2. Specifications of Three-Phase Induction Motor 011P-109B 150 HP

Model 54DS0O17BD
RPM-FL 2970
Voltage 380V
AMP-FL 191

HP 150
frequency 50 Hz

Power Factor Full Load 0.95
3% Load 0,95
¥ Load 0,94

Eficiency Full Load 94,6%
% Load 94,9%
Y Load 94.5%

Table 3. Average Monitoring Data for BOC (Basic Operation Care) from July 2024 to

September 2024 011P-109B 125HP

Three-Phase Voltage Measurement
No. On average each month Rotor Speed
R-S S-T T-R Ampere cos phi
1. Jul-24 380 379 379 2976,4 122,9 0.94
2. Aug-24 380 379,8 379 2976,0 125,0 0.94
3. Sep-24 380 378 380 2975,6 126,6 0.94
4.  Oct-24 379,3 379 379 2976,0 130,0 0.94
5. Nov-24 379,8 379,8 379 2977,3 121,4 0.94
6. Dec-24 380 378 380 2979,5 113,9 0.94

Table 4. Average Monitoring Data for BOC (Basic Operation Care) in September-November

011P-109B 150HP

Three-Phase Voltage Measurement

No. On average each month Rotor Speed
R-S S-T T-R Ampere R-S
1. Jun-25 380 379 379 2979,6 130,0 0.95
2. Jul-25 380 379,8 379 2979,6 130,0 0.95
3. Aug-25 379,9 378 379 2979,6 130,0 0.95
4.  Sep-25 380 379 379 2982,9 111,0  0.95
5.  Oct-25 379 379,6 379 2977,3 128,3 0.95
6. Nov-25 380 378 380 2976,9 148,0 0.95
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Calculation Results for Power & Efficiency of 125HP motor
The nameplate data is used as a reference to calculate input power, output power, and efficiency
at maximum load:

- July 2024

Input power calculation

P input = V3 x Vx I xcos@® (6)

P input = 3 x 379,3 x 122,9 x0,94 (7)

P input = 75.896 Watt (8)

Slip Calculation:

s= =2 x100% (9)

3000-2976,4

S = =550 X 100% (10)

s=0,8%

Torque Calculation:

T — Pmechx60 (11)
75896 x 60

T = Ganxaores (12)

T =243,6 Nm (13)

Load Factor Calculation:

Load Factor = — x— (14)
220 3798

LF =122 , 3793 (15)
161 ~ 380

LF=0,76

Motor Efficiency:

Efisiensi Motor = n = w x 100% (16)

93.212,5X 0,76
= Coee X 100% (17)
n =93,3% (18)

Based on the above calculations, the following data can be generated:
Table 5. Efficiency Calculation Analysis for Motor 011P-109B 125HP

No. Month Pin (Watt) Slip (%) Torque (Nm) Load Factor Pout (Watt) Loss Efficiency

1. Jul-24 75.896 0,8 243,6 0,76 70.811 5.085 93,30%
2. Aug-24 77.254 0,8 248 0,77 71.769 5.485 92,90%
3. Sep-24 78.181 0,8 251 0,78 72.630 5.551 92,90%
4. Oct-24 80.239 0,8 257,6 0,8 74.542 5.697 92,90%
S. Nov-24 75.009 0,7 240,7 0,75 69.908 5.101 93,20%
6. Dec-24 70.338 0,68 225,54 0,7 65.203 5.135 92,70%

Table 6. Efficiency Calculation Analysis of Motor 011P-109B 150HP

No. Month Pin (Watt) Slip (%) Torque (Nm) Load Factor Pout (Watt) Loss Efficiency

1. Jun-25 81.135 0,68 260 0,68 76.023 5.112 93,70%
2. Jul-25 81.199 0,68 260 0,68 76.002 5.197 93,60%
3. Aug-25 81.135 0,68 260 0,68 76.023 5.112 93,70%
4. Sep-25 69.277 0,57 259 0,58 64.843 4.434 93,60%
5.  Oct-25 80.053 0,75 256 0,67 74.930 5.123 93,60%
6. Nov-25 92.345 0,77 225,54 0,77 86.066 6.279 93,20%
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Table 7. Comparison of 125HP and 150HP engines

Parameter 125HP 150HP Lebih unggul

Pin Avg 76.153 80.857 125HP
Eff Avg 92,98% 93,57% 150HP
Pout Avg 70.811 75.648 150HP
Loss Avg 5.342 5.209 150HP
Load Factor 0,75 0,68 125HP
Torsi rata-rata 244 253 150HP

Efficiency

@@ Efisiensi 150 HP

93.80%

93.60%

93.40%

93.20%

93.00%

92.80%

92.60%

92.40%

92.20%

Efficiency Comparison Chart: 125HP vs. 150HP

93.70% 93.70%

93.60% 93.60% 93.60%

93.30%

92.90% 92.90% 92.90%

92.70%

81.135 81.199 81.135 69.277 80.053 92.345
P Input

Efisiensi 125 HP

Figure 1. Efficiency Comparison Chart

Efficiency Comparison Chart: 125HP vs. 150HP

- The 150 HP motor has a higher average efficiency (93.57% vs. 92.98%) but it also consumes more
input power (80,857 Watts vs. 76,153 Watts) and operates at a lower load factor (68% vs. 75%),
indicating oversizing.

- The 125 HP motor can reach peak efficiency at % load (95%), in line with the motor's average
operational data showing an average load of 76%, which is very close to the optimal point (3/4 =
75%). If it is too often close to full load (Nov-Oct 80% LF), it can lead to heat risk and short life.

- In November 2025, it produced >85kW output, which exceeded the capacity of the 125HP motor,
so only 150HP could handle the peak load of >85kW.

Comparing the calculation results with IEC 60034-30-1
According to IEC 60034-30-1:2014, the efficiency class of a three-phase squirrel cage, 2-pole,
S0Hz, 380-420V induction motor can be determined based on the minimum efficiency at full load

(100%).
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Table 8. IEC 60034-30-1 Efficiency Standard

Output IE1 IE2 IE3 IE4

kW 2pole  d4pole  Epole  Bpole  Zpole  dpole  Gpole  Bpole  Zpole  4pole  Gpole  Bpole  Zpole  dpole  Gpole  dpole
01d 480 800 38.3 310 T LR S0.6 208 )] a8 af.l 50.7 b5 ao.B b4.9 62.3
0.1g 52.8 570 ahb g0 0.4 ba.7 SE.6 4y GE.9 Go.9 63.9 ELAY T0.8 .l .l biz
020 546 585 416 9.7 619 bhy 582 ar4 L1 71.1 G54 606 119 IsB s GE.4
0.2% 5a.2 b1k £2.1 414 G4 4.5 [ 50.6 .7 15 GB.6 64.1 4.3 e 4.l o
n.2r 6319 [111] LR aq. B4E L E1.6 561 Tig L] tEL] 6o.3 181 a11 T8.0 4.4
0.40 64.9 LY ] 611 50.5 To.4 ik 8.8 512 46 fen fd.d .1 e BLY 8.7 4.4
0.5% E4.0 T BER BB 1.1 .l LED! &L.7 e BO.B .z ran 15 LEE] BO.A g
oL 2.1 fdl T0.0 bl.d ) ok T84 bb 2 a0y B2.5 TB.9 5.0 B1% 57 827 B4
Ll TEQ TEO 1249 Lok To.6 Bl.4 8.1 0.8 g2.r B4.1 #1.0 i BE2 B1.2 B4.5 B0.H
L5 7.2 i 7E.2 10.2 Bl.1 pp Ta.8 .1 4.2 B2 B2.% 9.0 BE.S Bg.2 BE.S de
2.2 Ta.r .t Ly e B32 843 BlLE e BES aa.f Ba.3 1.8 BBO BS.S Bie B4.5
E] B1.8 B1E 9.7 (] Ba i BE & Bi3 BO.O BT1 B! a%.6 L ER] 891 bo4 Ba.G BL.Y
4 Bil Bl Bl4 [ BER BE.B BB EL.E BE1 BR.& BE.B B4.B 500 911 Ba.5 Bi.l
55 B47 B4.7 6311 El.4 are BY BED BiB Bg.2 BY9.6 Be.0 BE.2 508 918 80.5 BB.3
(8] 84.0 BiO B4.7 Bii Ba1 BE.T 812 BE.3 b0.1 0.4 89.1 B1.3 417 926 91.3 LEE]
11 AT6 are BE4 BED BaA pop BE.T BES bl 4914 90.3 BE.& 526 4922 L] q0.4
1% BEY BE.T B7.Y Ag.2 303 0.6 N BE.O 1.8 bzl g1z H9.6 533 EER) Hz2.9 9Lz
185 891 4931 BB 869 309 gl 0.4 BR.E B4 526 aL.r 50.1 CENY 4.2 934 91.7
£ 899 BYY 892 aT4 9113 1B 0.9 BO.1 92.7 930 92.2 406 ba.0 545 93.7 92.1
20 s0.¢ Ll 9.2 aa3 820 82.31 1.7 BoE 813 936 G249 912 445 548 34.2 ga.7
£l 812 812 0.8 aae 928 g2 522 80.2 g3.F LR 813 qL.B 4B EEFS 34.5 g93.1
45 gL a1t 1.4 Ba2 929 bil 920 L 44.0 5.2 93.1 b L0 954 44.8 9314
] 4.1 Bl 419 4./ 3.2 Sk 431 S0 04,3 G4.6 b4.1 Heh 583 9t 951 9.7
] be.f Ly 426 903 R 84.0 ga.7 916 4.7 q95.0 G4.6 q9:.1 956 GE.0 495.4 b4z
S0 910 LETH] 9249 £l 841 942 34.0 91.8 550 bk.2 848 934 98B 961 954 ba.4
110 931 LR ] 93.3 g1l 94.3 945 943 L] 953.2 bh4 8951 LEN ) 860 96.3 958 94.7
132 938 LER ] LER] b1.% B ga.7 84.6 526 G54 95,6 954 84.0 462 G964 96.0 b4.4
160 438 538 LEY] 515 4.8 4.5 44.8 9320 956 EER) 95,6 842 563 9684 86.2 95.1
200 34.0 4.0 4.0 925 ELY] b5l L] EER] LY G6.0 L] G4.6 865 ge.f 86.3 454
sl 4.0 4.0 44.0 B2k GEQ 851 4g.0 LR GEB G6.0 CER ] b4.6 465 e 96.5 95.4
215 4.0 4.0 44.0 Bk GEQ 851 480 LR GEA GE.0 LY ] b4.6 465 ElN) 96.6 95.4
5L 94.0 940 440 525 LT 85.1 880 EER] SEB 96.0 G5B G4.6 865 a7 96.6 95.4
400 34.0 4.0 94.0 92 L ELY] bkl G50 EER] LY G6.0 L] G4.6 965 L 96.6 4954
450 94.0 940 440 525 S50 8k.1 880 LER] SEB 96.0 G5B 546 865 g9a.f 96.6 95.4
00

1300 4.0 4.0 4.0 9.5 SEO Skl 480 515 GE.AB G6.0 G55 b4.6 465 ga.7 G6.6 95.4

From the table above, motors with a capacity of 125HP (93.21kW) fall within the range of 90-
100 kW, while those with a capacity of 15S0HP (111.86Kw) fall within the range of 100-125kW. This
results in the following efficiency limits:

Motor P (kW) Class Min n Min n Min n

(IE2) (IE3) (IE4)
125 HP 93.21  90-100 kW 93.5%  94.5% 95.4%
150 HP 111.86 100-125kW  93.8%  94.8% 95.6%

According to the data in the 125HP motor factory specifications, the FL efficiency is 94.5%,
which falls into the IE3 category (294.5%), but if it is IE4 (requires 95.4%). Meanwhile, the 150HP
motor with an efficiency of FL 94.6% falls under the IE2+ category, approaching IE3 (294.8%), but
falling short by 0.2%.

Table 9. Efficiency Comparison Data for Motors in the Field with IEC 60034-30-1 Efficiency

Standards
Daya n FL Kelas IEC n Rata .

Motor (kW) Range IEC (Spesifikasi) (Spesifikasi) (Operasional) Kelas (Operasional)
125 HP 93.21 90-100 kW 94.5% IE3 93.15% IE2 (borderline)

[E2+ (butuh .
150 HP  111.86  100-125 kW 94.6% >94.8% 93.63% [E2+ / Mendekati

IE3
untuk IE3)

From the data above, the 150HP motor does not meet IEC standards in terms of factory
specifications, but its operational performance is better than that of the 125HP motor. Meanwhile,
the 125HP motor operates at its optimal point (75-80%), but its actual efficiency is lower than the
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factory value. This is because there are indications of performance degradation that could be caused
by worn bearings, misalignment, or dirt on the coil.

CONCLUSIONS

Based on efficiency calculations, the 150HP induction motor has superior operational efficiency
performance compared to the 125HP motor, with an average efficiency of 93.63% compared to
93.15%, as well as lower power loss of 4.8kW compared to the 125HP motor, which has a power loss
of 5.01kW. Although the 125HP motor operates at an average load factor of 75.8%, which is close to
the optimal load point (3/4 load), its actual efficiency is 1.35% lower than the manufacturer's
specification (94.5%). This indicates a performance degradation factor, which may be caused by
voltage imbalance, bearing wear, misalignment, or dirt accumulation in the cooling system.
Comparison results with the IEC 60034-30-1:2014 standard show that both motors are technically
classified as IE2 (High Efficiency) to IE2+ (Borderline IE3). The 125HP motor meets the minimum IE3
Class limit at full load (n = 94.5% = 94.5%), while the 150HP motor (n = 94.6%) does not reach the
IE3 threshold (minimum 94.8%) for the 100-125kW power range. Therefore, it is categorized as IE2.
However, the operational performance of the 150HP motor at partial load (58%-77%) is consistent
and approaches the characteristics of an IE3 class motor.
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