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     Abstract—To ensure continuous operation of critical 

process loads during power system disturbances and human-

induced operational errors, implementing a rapid transfer 

scheme is vital for protection and reliability This paper 

explores the concept of Motor Bus Transfer (MBT), its 

various types, the challenges associated with implementing 

fast transfer schemes, and identifies key research gaps in the 

field. 

     Keywords— Fast Transfer, In Phase Transfer, Residual 

Voltage Transfer,  Transient Torque 

I. INTRODUCTION  

     In industrial and power generation facilities, 

continuous and reliable power supply to critical motor-

driven systems is of paramount importance. Any 

interruption or delay in restoring power can lead to severe 

operational disruptions, equipment damage, or safety 

hazards. Motor Bus Transfer (MBT) systems serve as an 

essential protection and control mechanism that enables 

the seamless transition of motor buses between power 

sources typically from a utility grid to an onsite generator 

or between redundant feeders during planned maintenance 

or unexpected disturbances. The Fast Motor Bus Transfer 

(FMBT) technique, in particular, aims to accomplish this 

transition within a few electrical cycles, thereby 

minimizing voltage dips, transient torques, and system 

instability. 

     However, the realization of a truly fast, secure, and 

reliable motor bus transfer remains a complex engineering 

challenge. The dynamic characteristics of induction 

motors, variations in system inertia, synchronization 

constraints, and the non-linear response of connected 

loads all contribute to the difficulty of achieving optimal 

transfer conditions. Furthermore, inappropriate transfer 

timing can result in severe transient torques, mechanical 

stresses, or even motor stalling, which compromises both 

safety and equipment longevity. 

     With the evolution of digital relays, adaptive control 

algorithms, and advanced signal processing methods, new 

opportunities have emerged for enhancing transfer 

reliability and speed. Yet, despite these advancements, 

standardization gaps, inadequate torque-aware metrics, 

and limited integration between electrical and mechanical 

system modeling continue to hinder universal adoption of 

fast transfer systems. A systematic review of these 

developments is necessary to guide future innovations in 

MBT technology. 

     This paper presents a comprehensive review of Fast 

Motor Bus Transfer (FMBT) systems, examining their 

types, motor spin down characteristics, applicable 

standards, implementation challenges, and requirements. 

II. MOTOR BUS TRANSFER (MBT) SYSTEM 

     Motor Bus Transfer (MBT) systems are designed to 
ensure uninterrupted power supply to motor buses when 
switching between power sources, such as from utility to 
generator or between redundant feeders. A BTS is typically 
employed in several different Switchgear   configurations. 
Two such popular configurations are the main-main and 
the main-tie-main schemes [1]. 

            

Figure 1 Main-Main Configuration  

                                       

        

Figure 2 Main-Tie-Main Configuration  
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III. TYPES OF MOTOR BUS TRANSFER SYSTEM 

     The Motor Bus Transfer System is categorized into 

two types. 

1. Close Transition  

In this type of transfer alternate source is connected 

before opening the existing source. Closed transition 

involves momentary paralleling of the original and 

alternate power sources during the transfer process. This 

method allows smooth and continuous transfer, preventing 

sudden current surges or mechanical shocks to the motors. 

However, it is more complex and expensive because it 

needs synchronizing equipment and precise control 

systems. It’s mainly used for critical motor buses in places 

like power plants, refineries, and continuous process 

industries, where even a brief power interruption cannot 

be tolerated.  

 

2. Open Transition 

     The open transition involves disconnecting the motor 

bus from the original power source before switching to the 

alternate one. This introduces a short dead time, during 

which motors continue to rotate and generate a residual 

voltage that gradually decays. If this residual voltage is 

not synchronized with the voltage of the incoming source 

at the moment of reconnection, it can result in severe 

inrush currents and abrupt torque transients. 

 

     Despite its simplicity and reliability, this method 

causes a brief power interruption and subjects motors to 

considerable electrical and mechanical stress. However, 

because it avoids parallel source operation and is easy to 

implement, open transition is commonly used for non-

critical loads where short-duration outages are acceptable. 

This category includes three distinct methods. 

 

A. Fast Transfer Method 

     Fast transfer is a method in Motor Bus Transfer (MBT) 

systems designed to switch the motor bus from one power 

source to another within a very short time frame. The fast 

bus transfer can happen only during the first 10 cycles of 

losing the power supply [2]. The fast transfer involves a 

rapid measurement of the phase angle between the 

previous source and the new source to the auxiliary bus 

[3]. In fast transfer, it is usually supervised by a sync-

check between the alternate source and the motor bus. The 

sync-check is achieved by comparing the phase difference 

between the alternate source voltage and the motor bus 

voltage to a predefined limit, typically between  20 –35 

degree [4]. 

 

B. In Phase Transfer  

     In the in phase transfer scheme, the standby source 

breaker is closed when the phase angle of the bus voltage 

is in-phase with the phase angle of the standby source 

voltage [5]. This is a controlled method of switching the 

motor bus to an alternate power source by waiting until 

the voltage waveforms of both sources align in phase. 

Usually after 10 cycles, the motor bus frequency drops 

considerably to generate a fast rotating phase angle 

difference between the motor bus and the new source. In 

such a condition, the circuit breaker (CB) closing time 

must be taken into account while issuing a close command 

to achieve CB closing at zero phase angle difference. This 

bus transfer can happen even after 10 cycles and can 

transfer [2]. For a successful in-phase transfer the voltage 

magnitude on the motor bus must be greater than 0.33 

percent of the rated voltage when the transfer occurs. 

Additionally, the voltage angle difference and the rate of 

change of voltage between the motor bus and the alternate 

source must be less than 1.33 p.u. V/Hz [6]. 

 

C. Residual Voltage Transfer 

     In this approach, the motor bus is disconnected from 

the original source, and the system waits for the residual 

voltage generated by the rotating motors due to inertia to 

decay to a safe level before reconnecting to the alternate 

source [1]. Transfer is made after the voltage has decayed 

to a safe value of approximately 25% of the nominal [7]. 

No matter what the value of the phase angle is, the 

resultant Volts-per-Hertz does not exceed its standard 

limit in the residual transfer and, thus, no supervision on 

the phase angle is needed. Although as the residual 

transfer is slow, process interruption is likely to take 

place. Also, in the majority of cases, motors cannot be 

reaccelerated simultaneously following such a transfer as 

their speeds have fallen so low that inrush currents 

approach motor locked rotor values, and stalling would 

occur due to depressed voltage [8].   

Figure 3 Open transfer methods  
 

IV. SPIN DOWN CHARACTERISTICS OF MOTOR 

     When an induction motor is disconnected from the 

source a self-generated voltage known as residual voltage 

appears at the terminals of the motor. Three important 

parameters, which are crucial from a bus transfer point of 

view, are the magnitude of the residual voltage, decay 

time and the associated phase angle of the residual 

voltage. The magnitude of the residual voltage decays due 

to the decay of the trapped fluxes in the air gap of the 

induction motor. The decay time is governed by the rotor 

open circuit time constant [1].The open circuit time 

constant of induction motor can be calculated by knowing 

the values of the slip of the motor, the rotor resistance, 

and rotor reactance [9]. The phase angle of the residual 

voltage changes with respect to the nominal frequency of 

the incoming source (50 Hz or 60 Hz). The phase angle 
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change is dictated by the initial load on the motor and by 

the combined inertia of the motor and the driven load [1]. 

If the alternate source is connected before this residual 

voltage decays to a very small level, then a transient 

torque will result. The amount of electrical torque 

generated depends on the magnitude and phase angle of 

both the source voltage and the motor bus voltage. An 

illustrative, simplified equation that relates the peak 

electrical torque to the voltage magnitudes and angle of 

the source voltage and the motor voltage is given in Eq (1) 

[10,11]. 

                

                    𝑇𝑒 =  
𝐸2

𝑋
𝑠𝑖𝑛(𝛿) + 2 𝑠𝑖𝑛

𝛿

2
                            (1) 

             

           Where, 

                    𝐸 is the magnitude of the source voltage and 

the motor bus voltage.  

                    𝑋  is the total equivalent reactance in the 

system and the motor.  

                    𝛿  is the phase angle between the source 

voltage and the motor bus voltage. 

 
     Equation (1) makes some very broad assumptions, 
namely that the voltage magnitude and frequency of the 
source and motor bus remain near their rated values during 
the interruption [10]. 

     This [12] paper provides the DFT based solution to 
estimate the phase angle. 

 

V. APPLICABLE STANDARDS FOR FAST 
MOTOR BUS TRANSFER SYSTEM  

     The main standard which addresses requirements of a 
successful fast bus transfer is ANSI C50.41, its main 
recommendation is about resultant volts per hertz between 
the motor residual volts per hertz phasor and the incoming 
source volts per hertz phasor at the instant of transfer or 
reclosing. It states that the resultant (differential) vectorial 
volts per hertz between the backup power supply volts per 
hertz phasor and the instantaneous motor terminal bus 
volts per hertz phasor must not be over than 1.33 per unit 
[13,14]. The resultant volts per hertz is defined by equation 
(2). 

     𝐸𝑟 = √𝐸𝑠
2 + 𝐸𝑚

2 − 2𝐸𝑠𝐸𝑚 cos(𝛿)                   (2) 

    Where, 

              𝐸𝑠 Is the per unit V/Hz of the alternate source. 

              𝐸𝑚 Is the per unit V/Hz of the motor bus. 

            𝛿 Is the phase angle between the source voltage 

and the motor bus voltage 

 

     The challenge of applying a criterion for FBT is the 

assumptions made in the V/Hz calculation ratio is that all 

currents in 3 phases will be extinguished and become zero 

at the same time. This is not accurate, due to the phase 

difference between currents. Zero crossing point of phases 

is 120° different. In the past, this difference could be 

ignored, because usually big, bulky and high inertia 

motors were involved in FBT. Old standards have defined 

FBT as a function that is completed under 10 cycles. 

Under these circumstances and assumptions, the effect of 

one-third of a cycle is negligible. However, these days 

FBT can be performed under 2 cycle and sometimes it is 

required to carry out FBT on small LV motors. Therefore, 

this one-third of a cycle can make a difference [13]. 
 

     NEMA MG1 has defined fast bus transfer as a transfer 
that occurs in less than 10 cycles or shorter than one and a 
half open circuit alternating-current time constant. This 
standard avoids taking V/Hz ratio as its basis for FBT [13]. 

     This paper [15] integrates IEC 61850 in parallel bus 
transfer scheme for industrial substations. 

. 

VI. CURRENT CHALLENGES AND 

REQUIREMENTS 

     As power systems grow more complex and motor 

loads become increasingly sensitive, executing fast and 

reliable bus transfers demands greater precision and 

control. This section explores the current challenges and 

evolving requirements that shape MBT performance in 

modern industrial environments. 

 There is currently no unified industry standard 

for assessing sync-check relay performance 

across different motor inertia profiles. In the 

absence of such a benchmark, relay responses 

tend to vary unpredictably between installations 

particularly in systems with high or variable 

inertial loads eading to inconsistent transfer 

reliability and protection outcomes. 

 No clear correlation has been established 

between volts-per-hertz (V/Hz) compliance and 

the actual torque stress imposed on motors during 

transfer events. This disconnect raises concerns 

about whether adhering to V/Hz limits alone is 

sufficient to protect motor integrity, especially 

under dynamic and high-inertia operating 

conditions. 

 There is a growing need for more representative 

metrics particularly those based on inrush current 

and instantaneous power that can accurately 

capture motor behavior during transfer events. 

Such parameters offer deeper insight into the true 

electrical and mechanical stress experienced by 

motors, beyond what conventional voltage or 

frequency criteria reveal. 

 The phenomenon of torque amplification caused 

by magnetic saturation during fast bus transfer is 

still poorly characterized, resulting in limited 

understanding of its influence on motor dynamic 

behavior. This gap poses challenges for 

accurately predicting mechanical stress and 

optimizing transfer strategies in high inertia 

systems. 

 Standard discrete Fourier transform (DFT) 

algorithms often struggle under decaying 

frequency conditions, leading to substantial 

phase-angle estimation errors. While adaptive 
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DFT techniques offer improved tracking, they 

tend to be computationally intensive or poorly 

optimized for low-inertia motor systems, limiting 

their practical applicability in fast transfer 

scenarios. 

VII. CONCLUSION 

     Fast motor bus transfer systems are essential for 
maintaining continuity in industrial power networks, yet 
several critical gaps persist in current practice and 
research. Key challenges include the lack of torque-aware 
supervision, limited strategies for shaft stress mitigation, 
and the absence of adaptive control under dynamic motor 
loading. Existing success criteria often fail to reflect actual 
motor stress, underscoring the need for new metrics based 
on inrush current and instantaneous power. Additionally, 
phase-angle mismatch, saturation effects, and slip 
frequency dynamics remain underexplored, especially in 
low-inertia systems. Bridging these gaps will require a 
shift toward integrated electrical-mechanical modeling, 
empirical benchmarking, and control logic that prioritizes 
motor health and system resilience. 
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