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1. Introduction 
Elevator failure must be avoided as much as possible because 

of its negative consequences on lives and property at various 

dimensions [1, 2]. Elevator overload occurs mostly when the 

motor is under excessive load. The primary symptoms that 

accompany a motor overload are excessive current flow, 

insufficient torque and overheating due to overloading of the 

elevator with passengers and goods. Excessive motor heat 

which causes stiffness in the moving system is a major cause 

of motor failure. It has been recorded that excessive motor heat 

is a major cause of motor failure that leads to permanent failure 

[4 5]. In the case of an overloaded motor, individual motor 
components including bearings, motor windings, and other 

components may be working fine, but the motor will continue 

to run hot and eventually fails. For this reason, it makes sense 

to begin troubleshooting by checking for motor overload. 

Because motor failures are caused by overloading attention is 
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then focused on the permissible weight of passengers and 

goods. In the case of induction motor elevators, premature 

wear on motor electrical and mechanical components leads to 

permanent failure [5].  55 % of motor failures are caused by 

overheating due to overloading, and it is important to 

understand how to measure for and identify elevator 

overloading. Similarly, load failures in the Single Sided Linear 

Induction Motor (SLIM) elevators are the same but a little 

more complex. 

1.1 The Linear Induction Motor (LIM): The linear induction 
motor (LIM) produces linear motion as compared to its 

traditional rotary counterpart. Because of its applications and 

endless merits, the linear induction motor has gained 

popularity and attention in modern research. LIM can be 

obtained from its rotary counterpart by cutting through the 

rotary motor and flattening it, as shown in Figure 1.

Abstract Article History 

This study investigates load optimisation in an existing elevator system to evaluate variations in thrust 

relative to defined performance objectives—thrust and efficiency. Using the elevator’s actual design 

specifications, simulations were conducted to assess performance under varying load conditions. A 

user-driven iterative optimisation algorithm, termed the Wire Gauge Variation and Slot/Tooth Ratio 
(WGVSTR), was developed and implemented in MATLAB. The key advantage of the WGVSTR 

algorithm lies in its flexibility, allowing users to achieve desired optimisation goals by adjusting 

relevant design parameters. The analysis focuses on identifying the load condition that produces a thrust 

output closest to the target value while maintaining efficiency. The total weight of the elevator system 
without passengers is 1680 kg. Passenger loads, with each passenger assumed to weigh 75 kg, were 

incrementally added in eight steps up to 600 kg, exceeding the allowable limit of 375 kg (five 

passengers) for the existing model. Simulation results show that thrust and efficiency remained stable 

from Steps 1 to 5, corresponding to total loads of 1755 kg, 1830 kg, 1905 kg, 2055 kg, and 2130 kg. 
The 2055 kg load (Step 4), representing five passengers, was identified as the optimal load, yielding a 

full machine thrust of 26,560 N with minimal drop in output thrust. Beyond this point, thrust reduction 

became evident: 26,555 N, 26,530 N, and 24,500 N for Steps 6, 7, and 8, respectively. At Step 7 (2205 

kg), equivalent to seven passengers, the thrust decrease was minimal (20 N below nominal), designating 
it as the maximum safe load. Efficiency remained constant up to Step 6 but dropped slightly to 87.28% 

and 87.25% at Steps 6 and 7, respectively, before declining sharply to 60.22% at Step 8 (2280 kg). The 

thrust and efficiency values at the maximum load were compared with those at no-load conditions to 

determine the elevator’s optimal and maximum allowable loading limits for safety and performance 

assurance. 

Keywords:  Load optimization, SLIM, Thrust and Efficiency, Optimal and Maximum load and Effects. 

 

Received: 15 Oct 2025 
Accepted: 03 Nov 2025 
Published: 07 Nov 2025 

 
Scan the QR code to view 

License: CC BY 4.0 

 
Open Access article 

How to cite this paper: Nzeife, I. D., Okaroh, C. C., Ilozionwu, T. S., Nwamuo, C. T., & Ezechukwu, V. C. (2025). Load optimization 

of a single-sided electromagnetic elevator. IPS Journal of Engineering and Technology, 1(4), 189–194. https://doi.org/10.54117/7bpcvq17  

https://doi.org/10.54117/7bpcvq17
https://doi.org/10.54117/7bpcvq17
mailto:nzeifeid@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.54117/7bpcvq17
https://creativecommons.org/licenses/by/4.0/


Available: https://doi.org/10.54117/7bpcvq17  Research article 

190 

 

 
Figure 1: Modified analogy of an unrolled DC motor to form a LIM [1, 12] 

 

Figure 1 shows an illustration of a rotary motor cut along its 

enclosure diameter and stretched flat. The concept is simple: 

when a rotary motor is radially cut and laid flat, it becomes 

nothing but the same rotary machine cut and flattened [13]. It 

is in this flattened geometry that it becomes linear and hence a 

linear machine. Its principle of operation does not differ much 

from that of the rotary machine. The dimensions of the rotary 

motor are then replaced with linear ones in the formed linear 

motor. For example, the parameter “torque” in rotary motors 

is replaced with “force”; the commutation cycle between two 

consecutive pole pairs that is 360 degrees in rotary motors now 

becomes a distance between two consecutive pole pairs in 

metres along the stretched stator. So as it were, the magnetic 

flux from the rotor (mover) is locked or synchronized with that 

of a stationary track (stator), converting electromagnetic 
energy into translation motion [14]. However, there are certain 

differences that exist between the rotary and linear motors 

(LM), e.g. the air gap is usually wider in LMs than in a rotary 

motor and a mover is shorter with respect to the track (stator) 

[2].  

   
            Figure 2 (a) Single-Sided Linear Induction Motor 

(SLIM) Geometry [3]. 

   
Figure 2 (b) Picture of a wound stator of LIM [4]   

A single-sided linear induction motor (SLIM), as shown in 

Figure 2 (a) works by "unrolling" a conventional rotary 

induction motor to create linear motion instead of rotational 

torque. It consists of a primary side with polyphase windings 

and a secondary side, typically a conductive sheet with a back 

iron, that moves over the primary. SLIMs are used in 

applications such as transportation, elevators, and 

electromagnetic launchers; however, their performance is 

affected by factors like end and edge effects. A simple linear 

machine (flat type) as shown in figures 2(a) and 2(b), is 

composed of a stationary track (often laid with permanent 

magnets or electromagnetic coils) and a mover or rotor, both 

components making relative motion due to the interaction of 

electromagnetic fields. Figure. 2(b) shows the practical wound 

stator with wound 3-phase coils. In practice, these two roles 

can be switched, i.e., a mover embedded with magnets and a 

stationary track wound with coils. Each configuration has its 

pros and cons. The stroke length in any case can be increased 

by annexing more tracks one after the other [5, 15].  

 
1.2 Operating Principles of SLIM 
When a balanced three-phase voltage is applied to the coils of 

the motor, the current sets up a moving magnetic field as 

shown in Figure 2(a). The magnetic field cuts the aluminium 

plate (the mover/forcer/rotor) placed above, and EMF is 

induced in it. The EMF sets up an eddy current which 

circulates in the plate and in turn creates a magnetic field 

which interacts with that of the moving field [16, 17, 18]. As a 

result, a thrust is produced on the mover which moves with a 

force in the direction shown. The plate is laminated to reduce 

the eddy current and hence the amount of I²R energy loss. 

 

Based on construction [6, 19, 21], showed that LIMs are 

classified as single sided LIMs (SLIM) and double sided LIMs 

(DLIM). In SLIM, the primary which is the stator is placed 

under the secondary which is the rotor (forcer) as shown in 

figure 1c. But in double-sided LIMs (DLIM), primary is placed 
on either side of the secondary as shown in the figure. 3.                 

 
Figure 3: Double Sided LIM (DLIM) [7] 

 

The ‘short primary’ and ‘short secondary’ concepts are of the 

same principle of operation but differ in applications. The 

arrangement of the air-gap between thickness of the aluminum 

rotor and the stator (poles) shown in figure 3 is typical of all 
LIMs. Three-phase external connections are also needed to set 

up the moving magnetic field.  

 

This paper adapted the ‘short primary’ configuration for the 

following reasons [2]: 
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 It saves the cost of the voluminous copper required 

for a lengthy stator covering the entire length of the 

rising building. 

 The force/thrust generated by the cores of the stator 

is fully utilised in the mechanical energy required for 

the elevator movement because the cabin is directly 

coupled to the stator. 

 It is less complicated as many electrical connections 

to the core phases of a short secondary formation are 

avoided. Etc. 

 

 
Figure 4: Illustration of short primary SLIM in elevator 

application. [8]  

   

2. Methodology 

2.1 The Elevator’s Specified Physical Attributes.  
A typical elevator’s physical attributes include:  

Size of cabin, (height ×length ×width) =2.5m 

×2m×1m= 5𝑚𝑚2  

Total weight of cabin and bearing, cabin w = 500kg  

Number of passengers in one cabin, np = 5  

Average weight of each passenger = 75kg 

Figure 5 shows a typical dimensioning of a SLIM showing the 

stator tooth width wt, and heights Hs; yoke height his, and slot 

width, ws. The magnetic air-gap is the sum of the physical air-

gap and the aluminum thickness. 

 

Figure 5: Typical dimensioning of a SLIM Elevator [9] 

 

2.2 Calculating the Total Mass of the Moving System 

 

So making use of 𝐿𝑠, 𝑊𝑠𝑡  and ℎ𝑦 in fig. 5, where 𝐿𝑠  is stator 

length=600;  ℎ𝑠 is tooth length; 
  

𝑊𝑠𝑡  is   stator width =600 and ℎ𝑦is yoke height=12.5. The 

volume of the stator yoke  

      is stated as follows: 

 

     𝑉𝑦𝑜𝑘𝑒 = 𝐿𝑠𝑊𝑠𝑡 ℎ𝑦(𝑚𝑚)3                                           (1)             

 

= 600 x 450 x 12.5= 3375000 (𝑚𝑚)3               

  

The volume of one tooth of the stator is obtained from: 

     𝑉𝑡𝑜𝑜𝑡ℎ  = 𝑊𝑡 𝑊𝑠𝑡 ℎ𝑠 (𝑚𝑚)3                                             (2)  
 

= 15.8 x 600 x 32.72= 310185.6 (𝑚𝑚)3. 

 

Where 𝑊𝑡 is the tooth width. 
The volume of the total uniform-sized tooth is calculated thus: 

     𝑉𝑡𝑒𝑒𝑡ℎ  = 𝑚𝑝𝑞1 . 𝑉𝑡𝑜𝑜𝑡ℎ     (𝑚𝑚)3                                   (3) 
 

= 3 x 4 x 1 x 310185.6=9991920(𝑚𝑚)3 

 

Where m is the number of phases =3; p is the number of poles 

=4; 𝑞1is the slots in the stator.  
 

          Therefore, the volume of the iron core (made of copper) 

in the stator is 

     𝑉𝑖𝑟𝑜𝑛 = 𝑉𝑦𝑜𝑘𝑒 + 𝑉𝑡𝑒𝑒𝑡ℎ(𝑚𝑚)3                                      (4)  

=3375000 + 9991920= 13366920(𝑚𝑚)3 

Having found the volume of the entire iron core, the total 

weight of the entire iron core is  

In terms of the volume is given as: 

     𝑊𝑖𝑟𝑜𝑛 = 𝜌𝑖𝑉𝑖𝑟𝑜𝑛     (𝑘𝑔)                                                  (5)  
where  𝜌𝑖  is the iron resistivity. 

= .000000097 x 13366920=1.2968 

The weight of copper wire is found thus: 

     𝑊𝑐𝑜𝑝𝑝𝑒𝑟 = 𝜌𝑐𝑜𝑝𝑝𝑒𝑟 𝐴𝑤𝑖𝑟𝑒𝑇𝑙𝑤 (𝐾𝑔)                      (6) 

= 1.72x10−8 x ( 𝜋𝑑2
4
1 )x 650=0.00000187265 kg  

Where 𝜌𝑐𝑜𝑝𝑝𝑒𝑟 , volume resistivity of copper is, 𝐴𝑤𝑖𝑟𝑒 is the 

cross-sectional area of wire  

𝜋𝑑2
4
1  and, 𝑇𝑙𝑤 is total length of wire =650m; d is wire 

diameter=4.62(mm)  

The weight of one stator unit is 𝑊𝑠𝑡𝑎𝑡𝑜𝑟  and consists of iron 
core and copper wire, and is   

         obtained using: 

          𝑊𝑠𝑡𝑎𝑡𝑜𝑟 = 𝑊𝑖𝑟𝑜𝑛 +  𝑊𝑐𝑜𝑝𝑝𝑒𝑟                                          (7)                                                                                         

     = 1.2968 + 0.00000187265 =.0.002428kg 

         The number of the primary units needed for a specified 

cabin is estimated using: 

          𝑛𝑠𝑡𝑎𝑡𝑜𝑟𝑢𝑛𝑖𝑡𝑠 =
ℎ𝑐𝑎𝑏𝑖𝑛

1.2𝐿𝑠
                                                      (8)                                                                        

                          = {2500/ (1.2 x 450=540)} = 4.6 ≈ 5 units 

         Where ℎ𝑐𝑎𝑏𝑖𝑛 is the height of the cabin = 2.5 m; and 𝐿𝑠 
is stator length=450mm.  

         The total mass 𝑀𝑡 of the whole rising system (elevator) 

has to be determined from this  

         expression:   

         𝑀𝑡 = 𝑛𝑝𝑊𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑟 + 𝑛𝑢𝑛𝑖𝑡𝑠 𝑊𝑠𝑡𝑎𝑡𝑜𝑟 𝑊𝑐𝑎𝑏𝑖𝑛               (9)                                                                  

          = (5 x 75) + (5 x 0.002428 x 500) =2.2767 + .006071 = 

2280kg 

         Where 𝑊𝑐𝑎𝑏𝑖𝑛 is the total weight of the cabin and 

bearing=500kg, 𝑛𝑝  is the number of passengers in  

         cabin =5; and 𝑊𝑝𝑎𝑠𝑠𝑎𝑛𝑔𝑒𝑟 is the average weight of each 

passenger, 75kg 
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         The overall mass of the optimized machine's moving 

system is 2280 kg, requiring a thrust of 26580 N at a 10% slip 

and a rotor velocity of 10 m/s. 

 

2.2. Effect of Elevator Loading on Thrust and Efficiency 
After determining the moving system's total mass (2280 kg), 

the impact of loading on the slim elevator's thrust and 

efficiency is investigated. Assume a 10% slide with a fixed 

rotor speed of 10 m/s. The machine has an efficiency of 

88.25% and a thrust of 26560 kN. The loading of the elevator 

is taken in 6 steps of 75 kg (which is the given approximate 

weight of each passenger) [3, 22]. At each step, the stated 

average weight of each passenger (75 kg) is added to that of 

the cabin and its bearing (500 kg) to obtain the cumulative 

weight of the rising system at that stage. The effect of each 

loading is recorded, and the changes in the following 

parameters are noted: (i) Input power (ii) Output power, (iii) 
Thrust and Efficiency. 

  

2.3 Effect of Loading on Thrust and Efficiency under 

Optimal and Maximum Load Conditions. 
As earlier stated, the study developed a user iterative 

optimization algorithm it refers to as the Wire Gauge Variation 

and Slot/Tooth Ratio (WGVSTR) which its computer program 

is written in MATLAB software. The main advantage of the 

developed WGVSTR programme is that it allows the user to 

achieve an objective function by adjusting the appropriate 

parameters to effect optimization [10, 23]. The purpose is to 

observe their respective effects on the set performance 

objectives. However, in the case of loading effect on thrust and 

efficiency, the weight of the moving system was used as the 

variable that determines the set the thrust and efficiency.  

 

Hence, using the elevator’s optimum parameter values, the 
elevator is further subjected to load condition to obtain the 

actual thrust and efficiency at optimal load and maximum 

Load under the same rotor and slip conditions [11, 20]. The 

obtained Thrust and Efficiency at maximum load are then 

compared with that obtained under no-Load to get the actual 

output thrust of the elevator.  The above narration depicts the 

methodology used in this study and also reflects the process 

followed in the WGVSTR optimization algorithm. 

 

3. Results and Discussion 
Table 1 shows the result of the simulation to find out the effects 

of loading on the optimized machine’s performance 

objectives, namely the thrust and efficiency, using the 

WGVSTR. The total weight of the rising system without the 

passengers = 2280-600 (weight of 8 passengers) = 1680kg. 

   

From Table 1, the weight of each passenger is added at every 

step, resulting in an increase in the loading of the elevator by 

75 kg until it gets to 600 kg in step 8 (225 kg above the 

allowable weight of 375 kg for 5 passengers as specified for 

the existing model). It could be observed that thrust and 

efficiency were not affected in steps 1 to 5 with the respective 

loads of 1755 kg, 1830 kg, 1905 kg, 2055 kg, and 2130 kg. 
  

The load (2055 kg) in Step 5 is chosen as the optimal load 

because it contains the weight of the recommended 5 

passengers/cabin and is moved by the full machine thrust of 

26560N. More so, as it was also noticed that the machine 

output thrust dropped slightly immediately after it. 

  

  

In steps 6, 7, and 8, the drop in thrust became noticeable as it 

dropped from 26555 N to 26530 N and then to 24500 N with 

respective loads of 2130 kg, 2205 kg, and 2280 kg. In step 7 

with seven passengers, the thrust value became 26530 N, 20 N 

below the machine's consistent thrust of 26560 N with 

loadings up to 2055 kg. However, there was no significant 

drop in thrust at this step 7, and the drop in thrust after this step 

became significant by 2060 N; hence, 2205 kg at step 7 is taken 

as the maximum load. 
 

The efficiency has remained unaffected up till step 6 when it 

declined to 87.28% with a load of 2130kg and 87.25% on 

maximum load, and then fell to 60.22% at step 8 with 2280kg 

loading. 

 

 

Table 1: Effect of Loading on Thrust and Efficiency 
 Parameter  Description  Step1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 

1 Weight of passenger(s) at 75(kg) 
per     passenger 

 None  75  150  225  300 375 450 525 600 

2 Weight of the Rising system 1680 1680 1680 1680 1680 1680 1680 1680 1680 

3 Total weight of the Rising system 

(kg)  

2280 -600  

=  1680 

1755 1830 1905 1980 2055 

optimal 

2130  2205 maxi-

mum 

2280  

4 Effect of loading on Thrust (kN)  26560 26560 26560 26560 26560 26560 26555 26530 24500  

5 Effect of load on Efficiency (%) 88.25 88.25 88.25 88.25 88.25 88.24 87.28 87.25 60.22 

 

4. Conclusion 
In conclusion, the simulation results of the optimized 

elevator’s Thrust and Efficiency when on No-Load differ from 

those obtained when the machine is On-Load. However, no 

matter how insignificant the difference may be, caution must 

be observed to ensure that the elevator is not operated beyond 

2130 kg, which is between the optimal and maximum loads. It 

is preferable to operate the machine at its optimal load for 

safety and optimal performance. Finally, it can be concluded 

that a SLIM elevator with a short primary is a suitable electric 

motor to fulfil all the safety requirements of a modern elevator 
system, provided it is used within the specified load capacity. 
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