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Abstract: Most commercial elevators for buildings exceeding four stories use a cable-driven traction
system. Typically, a single traction machine operates by hoisting the main cable on a traction sheave,
thus vertically transporting the elevator car through rotational motion of the sheave. This research
introduces a groundbreaking advancement aimed at elevating loading capacity to an unprecedented
50 tons—the highest known in the world. The innovation involves the development of a twin traction
system, wherein two traction machines collaborate to lift the elevator. This novel elevator system has
demonstrated remarkable capabilities, showcasing the ability to transport up to 300 passengers in a
single trip. The installation of this high-capacity elevator system has yielded substantial improve-
ments in construction work efficiency and safety protocols, particularly in scenarios where cranes
are traditionally used. The newly developed elevator could lift 50 tons of equipment 60 times a day,
whereas the crane was limited to 8 times. The positive impact on labor is also noteworthy, with
increased safety and health considerations, especially in adverse weather conditions. By eliminating
the need for manual stair climbing, the well-being of the workforce is prioritized. Furthermore, the
heightened productivity resulting from a significant reduction in wait times for conventional elevators
is a key outcome of this transformative technology. This research not only unveils a groundbreaking
twin traction system but also highlights its multifaceted features in enhancing efficiency, safety, and

overall productivity in various industries.

Keywords: 50-ton loading capacity; construction lift; passenger and freight elevator; twin
traction method

1. Introduction

Accidents resulting in fatalities have long been a critical concern in construction
projects requiring the lifting of super-heavy objects to elevated sites, such as high-rise
building construction sites [1,2]. In these dynamic work environments, where thousands
to tens of thousands of workers need vertical transportation means, there arises a vital
demand for large cargo elevators that not only prioritize safety but also exhibit high
transport efficiency, surpassing the limitations of conventional small passenger lifts and
cranes for heavy lifting [3-5].

Traditionally, the heaviest large structures lifted using cranes weigh approximately
50 tons [6]. Large construction sites often host labor forces exceeding a thousand workers
who traverse significant heights multiple times a day [7]. While tower cranes, hydro cranes,
crawler cranes, and winches are common tools for lifting heavy objects, their operational
speed is notably slow, impeding night-time and adverse weather operations, where the
risk of accidents is heightened [8,9]. Safety concerns further restrict other work within
the crane’s working radius, diminishing overall work efficiency [10,11]. The prevalent
use of stairs or small lifts (typically accommodating 20 people for a 3-ton class) results
in prolonged waiting times for vertical transportation, contributing to low productivity
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and economic waste [7]. Therefore, there is an imperative need to develop and implement
substantial lifts capable of safely transporting high-load cargo and large numbers of
people, even in challenging weather conditions and during night-time operations. While
studies on elevators for cargo and emergency rescue have been published [12-14], to the
best of the author’s knowledge, there has been no elevator designed to carry cargo with
a maximum load of 50 tons, which can accommodate hundreds of people on a single
trip [13-16].

Despite advancements in technology leading to the construction of super-high-rise
buildings and large-scale multi-use facilities, elevating measures for lifting super-large and
heavy loads and transporting thousands of people have not kept pace with construction
history [8,17]. The conventional method of using cranes for large-scale loads carries inherent
risks due to the direct suspension of heavy objects in open spaces [18]. Current elevators
for construction sites, typically designed for loads of 3 tons of cargo or 20 passengers,
often necessitate coupling with stair walking, leading to inefficiencies in construction
projects [7,8].

Elevators with a capacity of 50 tons provide a safer and more efficient alternative, which
is in line with modern industry standards where safety is of utmost importance [19,20].
In total, 50 tons can transport up to 300 passengers on a single trip. Our developed
system, known as the twin traction elevator (TTE) method in this study, is a twin traction
inverter vector drive rope-type elevator [21]. Given the critical nature of elevator reliability,
particularly in preventing fatalities, elevator technology prioritizes maximizing reliability
over pushing the boundaries of performance. Incorporating multiple redundancies for
safety and ensuring operability in harsh weather conditions are the essential aspects of
elevator engineering.

This article commences with an introduction to the proprietary twin traction drive
and roping design followed by more safety features of the elevator system. The article
will continue with a presentation of the performance test results, a detailed account of the
actual installation outcomes, and conclude with insights and potential applications.

2. Twin Traction Drive and Roping Design

Traditional rope elevators designed for buildings exceeding four stories typically rely
on a single traction drive system. However, ensuring the secure transportation of a 50-ton
load and/or accommodating hundreds of people necessitates a single drive system of
considerable size. This poses a significant challenge in terms of the on-site installation
feasibility [22]. Additionally, the demand for at least four critical bending points (assum-
ing 8:1 roping) increases roping fatigue, leading to frequent maintenance requirements.
The absence of redundancy in this configuration also introduces safety concerns in and
of itself.

As of the writing of this article, the authors are unaware of any reported instances of
operational single-drive systems capable of reliably and safely transporting a 50-ton load.
In response to the limitations of a single-drive system the TTE system has been developed.
The TTE system incorporates two traction devices, inherently possessing redundancy
characteristics. The analogy here is akin to an airplane engine. Just as multiple engines can
generate more lift while minimizing weight, the incorporation of the additional engines
offers inherent redundancy, thereby enhancing safety measures.

The plan view of the TTE system is in Figure 1, and the elevation view of an installed
example is in Figure 2. The cross-section of the boarding car counterweight wire rope and
the platform door of the steel frame structure can be seen in the two figures. The inside
dimensions of the boarding car are 9.0 m x 10.2 m, and it is 5.5 m in height. The spacious
car is to load not only heavy, but also large loads such as machinery and materials.
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Figure 1. Drawing of 50-ton elevator plan (not to scale).
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Figure 2. Drawing of 50-ton elevator elevation (not to scale).

2.1. Twin Traction Drive Design

The traction drive comprises four primary components, as depicted in Figure 3. Power
is transmitted through a three-phase induction motor, which then engages with the worm
and worm gear. This interaction induces the rotation of the traction sheave, gripping the
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rope. A strategically positioned brake is interposed between the motor and the worm for
operational control [23].

Figure 3. Illustration of twin traction drives, where each component is colored and labeled on
one side.

In accordance with textbook references [3], the capacity (Q) of a traction drive can be
determined using Equation (1). In this calculation, the roping velocity (V) is established at
30 m/min, and the counterweight—payload ratio (B) is set at 0.5, ensuring equilibrium when
50% of the payload (L) is loaded onto the car. The payload itself is specified as 50,000 kg
(50 tons), and the efficiency (#) of the worm reducer is assigned as 0.65. Subsequently, the
computed capacity is found to be 189 kW.

L-V-B

Q= 5120

)

In this study, taking into account the friction loss and starting torque associated with
the guide rail rope sheave, we opted for the application of two units of 110 kW each.
This decision involves integrating the concept of distributed processing systems, widely
employed in recent computer CPU designs and various machine applications, into the
design of the traction drives [22]. The objective is to facilitate automatic load distribution
and improve the scalability of the equipment.

2.2. Roping Design of TTE

The hoisting mechanism and the driving motor were carefully configured as twins
(Figure 4), and the traction wire rope suspended the super-large boarding car, maintaining
equilibrium at eight points. The primary objective was to establish a tilting safety device
capable of detecting and signaling eccentric loads when loading super-large, heavy loads,
and accommodating hundreds of people on board. The Z-shaped roping and the ABBA-
sequenced roping methods have both been patented [21,24]. There is only one critical
90 degree bending point (marked with dashed circle in Figure 4) and seven normal bending
points for each rope (Figure 5), which reduces rope fatigue compared with projected single
traction device designs. As previously stated, a conventional single traction system that
typically uses 8:1 roping will have four critical bending points, which are the primary
points of observation during maintenance. The TTE system will also halve the overall load
on a single rope, so the fatigue on a critical bending point will decrease at least by 1/8, thus
reducing necessary repair requirements [25].
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Figure 4. Wire roping diagram on car (top view) Rope A (black) and Rope B (blue). Dashed circles
are critical bending points.
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Figure 5. Wire roping diagram (planar view of Figure 4).

In adherence to the Korean Elevator Safety Management Act, a minimum safety ratio
(Sr) of 12 is mandated. The calculation of S;, as per Equation (2), involves inserting values
for the load (L), empty car mass (P) in kg, roping number (k), the number of ropes (N), the
unit mass of rope (W;) in kg/m, travel distance (H) in meters, and breaking load (P;) in kgf.
For our system, utilizing 36 strands of 16 mm diameter with a 4:1 roping application, the
values applied are 50,000, 45,000, 4, 36, 0.878, 32, and 13,704, respectively. This configuration
resulted in a safety factor of 19.9, significantly surpassing the safety requirements. Notably,
the TTE employs the same roping features for both traction machines for redundancy,
ensuring the secure raising and lowering of the 50-ton loads.

k-N-P

S = YL+ (k- N-W, - H)

@

3. Safety Features

The system also features a load cell display monitor, brake fall safety device, and an
all-weather operation system for conditions such as rain, wind, snow, and icing [26].
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3.1. Safety Device Design

When loading high-capacity equipment and cargo weighing 50 tons into an elevator
car, there is a risk of significant accidents and hazardous situations if the mass surpasses the
designated load limit. To mitigate this risk, a monitoring device, as illustrated in Figure 6,
is implemented to verify the actual loading conditions [27,28]. A tilting sensor to detect
eccentric loads and anti-creeping device is also installed [29,30].

Figure 6. A 50-ton load cell and display monitor.

In Figure 7, an additional wire rope emergency stop brake is depicted, installed
independently from the multiple safety devices attached to the car. This feature serves to
prevent falls and unexpected acceleration, ensuring a secure stop even in unforeseen and
dangerous situations [31].

Figure 7. 50-ton rope brake device.

Moving on to Figure 8, a device capable of detecting wind speed beyond a pre-set
threshold value is presented. Equipped with an anemometer positioned at the top, this
device triggers an alarm, flashes an alert on the monitor, and simultaneously evacuates the
elevator car to the lowest floor in the event of high wind speeds [32,33].

Figure 8. Wind Speed Meter and Control device manufactured by Yuyu Instrument, Seoul Korea.

Figure 9 showcases an overspeed safety device designed to forcibly bring the elevator
to a halt. If a mechanical or electrical anomaly occurs in the hoisting machine, control
system, or towing rope, or if the boarding car descends at a speed exceeding the prescribed



Buildings 2024, 14, 1244 7 of 14

rate, the power is cut off, and the brakes are activated. Simultaneously, the emergency stop
device installed in the boarding car engages, guiding the car to the guide rail.

Figure 9. Overspeed governor machine.

Figure 10 illustrates the integration of the aforementioned four safety features. This
strategic application of redundancy is equivalent to safety design methods commonly
found in aircraft, and we refer to this comprehensive approach as the Load cell-Rope
brake-Overspeed governor—-Wind Speed Meter and Control (LROW) method.

Safety Circuit

Safety Devices

Load Cell
Rope Brake I.

Over Speed
Governor

=9
|

Systematic
Multy
Checking

—
-
m

|

K=o
|

Wind Speed Meter
and Control

|

Figure 10. Block diagram of the safety device system.

3.2. Steel Structure Design of Hositway

The hoistway of the 50-ton load elevator was designed with a steel beam structure. The
importance factor (I) is 1.0, wind speed plus factor (K) is 1.0, the maximum height of the
structure is 111.5 m, the altitude distribution coefficient of wind speed (K;y) is 1.269 m/s,
and the design wind speed (V) is 31.725 m/s. Therefore, according to Equation (3) [3], the
design velocity pressure was calculated as 613.95 N/m?.

V= VO <Kz Koy - Iy (3)

The structural analysis of the steel structure hoistway was performed using the Midas
Gen program. Figure 11 is the result of a 3D structural analysis of the steel structure
hoistway and Figure 12 is a steel rib plate moment diagram from —20.80 N-m/m marked
in red to 8.93 N-m/m marked in blue, and Table 1 shows the moment value.

Table 1. Moment of rib plate.

O'max Omin 9 Fn Omax/0Fn

8.848 MPa 8.848 MPa 0.650 51.00 MPa 0.267
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COMBINED (Max)
9.69425e-01
8.82260e-01
7.95095e-01
7.07931e-01
6.20766e-01
5.33601e-01
4.46437e-01
3.59272e-01
2.72108e-01
1.84943e-01
9.77783e-02
1.06136e-02

-83 577 -314 051 211 474

AMIET s TRt

Figure 12. Moment analysis of rib plate.

4. Results from Performance Test

In this study, safety and practical performance were verified through the performance
tests of the newly developed twin traction elevator system. The tests were conducted by
the Korea Industrial Safety Association (KISA), which is the national safety agency, using
dedicated test facilities following the Korean Framework Act on Industrial Safety. Among
the test criteria were load tests, brake performance, and landing errors.

4.1. Load Test and Implantation Precision Measurement

A total of 50 single-ton weight pallets were loaded inside the elevator car, and tests
were conducted by raising and lowering the elevator car from the lowest floor to the top
floor at a height of 82.85 m. The test showed no problems. Furthermore, when five more
single-ton pallets were added to the 50 tons, the elevator operation was stopped and the
alarm was sounded in line with the overload prevention safety measure. Figure 13 is a
photo confirming that the overload prevention device set for load testing and the 50-ton
loading capacity works.
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(a)

Figure 13. A50-ton load test. (a) A total of 50 single ton pallets loaded; (b) overload limiter.

Five tests on the landing error of each floor of the boarding car when lifting and
descending with a 50-ton load were conducted and the results are shown in Table 2. The
average value was 1.12 mm, indicating that the landing performance is much better than
the standard value of 10.0 mm. Figure 14 is a picture of the landing error measurements.

Table 2. Result of car landing tolerance test.

Measurements (mm)

Floor # # #3 #4 #5 Ave:
7F 1.82 —0.82 —0.14 1.52 1.76 0.828
6F 2.54 2.62 —0.34 2.32 2.34 1.896
5F 2.35 2.64 2.42 2.12 2.02 231
4F 1.53 1.12 1.44 1.32 1.25 1.332
3F 2.23 1.05 ~2.10 ~0.25 —0.57 0.072
2F 2.14 ~132 1.02 ~135 253 0.604
1F 1.82 —0.82 —0.14 1.52 1.76 0.828

Avg. 2.06 0.64 0.31 1.03 1.58 112

Figure 14. Landing tolerance measurement.

4.2. Measurement of Brake Insulation Resistance and Residual Voltage

In the test of the main brake for the LROW method, when the brake is opened and
operated, the standard for the gap between the magnetic plunger that opens the brake
must be 3.5 mm or less to reduce the idle distance and exert rapid braking power. Five
measurements were taken and Table 3 shows the results.

The insulation resistance for the 110 kW 50-ton main motor three-phase power supply
(440 V 60 Hz) was 999.9 M(}, and there was no abnormality in the withstand voltage and
residual voltage tests.
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Table 3. Gap of brake magnetic plunger.
Lining Thickness (mm) Plunger Movement (mm)
Brake Gap (mm)
Measurement Avg Measurement Avg
9.89
2.05
9.91
Left 10.12 10.01
2.05
10.08
No. 1 10.07
0.12 2.05 2.05
(K3) 10.59
10.52
, - 2.04
Right 10.41 10.28
9.98
2.05
9.98
9.88
2.04
9.98
Left 9.84 10.02
2.05
10.2
10.2
No. 2
0.12 2.05 2.04
(K4) 10.3
10.78
. _ 2.05
Right 10.11 10.27
10.13
2.05
10.01

4.3. Comparison with Crane

Traditionally, when 50 tons of cargo needs to be lifted, a crane was used. However,
crane lifting is greatly limited by daylight usage and by weather conditions such as rain,
wind, and snow; furthermore, there is always a risk of the payload falling, and deficiencies
due to other structures or circumstances limiting operation within a certain working radius,
which drastically decreases work efficiency.

Table 4 compares the transport capability of the newly developed 50-ton twin traction
elevator and a crane by measuring the time taken to lift 50 tons from a real-world work site.
The elevator could lift 50 tons of equipment safely more than 60 times a day, whereas the
crane was limited to a maximum of 8 times. This means that the efficiency of lifting heavy
loads of the TTE method was better by a factor of 7.5. Figure 15 is a picture of the 50-ton
loading on the new elevator and crane. Additionally, the need for a support staff to operate
the crane presents a disadvantage, as it diminishes the efficient utilization of the labor force.

Figure 15. The 50-ton elevator and crane lifting. (a) Elevator loading; (b) crane lifting.
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Table 4. Comparison of newly developed 50-ton elevator vs. conventional crane lifting.

Height 82.85 m Elevator Crane
Preparation Works 0 3h
Safety Barrier 0 2h
Cyclic Loading 5 min 30 min
Cyclic Lifting 5 min 15 min
Cyclic Unloading 5 min 30 min
Cyclic Activity Total * 15 min 75 min
Workable Hours/day 15 10 **
Number of Lifts/day 60 times/15 h 8 times/10 h
Safety Assistance none at least 6 people

* Cyclic Activity Total = Cyclic Loading + Cyclic Lifting + Cyclic Unloading. ** daytime, weather permitting.

4.4. Industrial Site Installation

Figure 16 depicts the configuration diagram of the 50-ton twin traction elevator de-
veloped in this study. The system encompasses key components such as the twin traction
machine situated in the top machine room, the boarding car, counterweight, wire rope,
heavy-load guide rail, platform safety door, boarding car safety door, wind speed control
safety device, loading weight measuring device, car tilting sensor, rope brake, overspeed
governor, shock absorber, CCTV camera, emergency lighting device, control panel, and
driving device.

Wind Speed Control Safety Device °~ - ,-f'OTwin Traction Machine

Rope Break
~ °Wiring Rope

Control Panel and Operating Device @
oBaarding Car

Landing Weight Measuring Device o . ) °Baarding Car Safety Door

Overspeed Governor

Car Tilting Sensor @ A °Gulde rail for heavy load

°Counter Weight

°Platform Safety Door
Shock Absorber @

Figure 16. Heavy-duty 50-ton capacity passenger and freight twin traction elevator.

This 50-ton elevator has been successfully installed and put into operation at nine sites
worldwide as of the writing of this article. The highest distance is 110 m and the deepest
underground is 500 m. The actual photos of the sites at Samsung Display and LG Display
are in Figures 17a and 17b, respectively. It has been instrumental in transporting 50-ton
high-load equipment and materials, allowing approximately 300 individuals to board and
operate it simultaneously, in line with its design specifications. Notably, the previous 3-ton,
20-seater small lift was found to be inadequate, accommodating only 15 people. Therefore,
it became evident that the transportation efficiency of this 50-ton large lift surpassed the
smaller alternative by over 20 times. Moreover, the ride comfort and passenger satisfaction
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levels significantly outperformed the existing rack and pinion-driven small lift, which
experienced notable issues with noise and vibration.

N

(b)

Figure 17. Installed 50-ton capacity heavy-duty passenger and freight twin traction elevator (a) Sam-

sung Display; (b) LG Display.

The favorable response from the labor force was reassuring, particularly in light of
the correlation between fatigue and reaction times. Research indicates that climbing stairs
induces fatigue, which in turn prolongs reaction times [34,35]. In the context of construction
sites, swift reaction times can be critical, often delineating the line between safety and peril.
Consequently, workers would often find themselves compromised in situations where they
were operating below optimal performance levels simply to reach their designated work
areas. The introduction of this elevator system has alleviated many aspects of this concern.

5. Conclusions

In this research endeavor, we successfully developed a 50-ton capacity large heavy-
load elevator (named Goliath Elevator), subjecting it to thorough analysis, verification,
and certification by the Korea Industry Safety Association (2018-2033608). The significance
of this elevator lies in its pivotal role in safely, efficiently, and economically lifting heavy
loads while vertically transporting large groups of people. The comprehensive evaluation
demonstrated a remarkable improvement in safety performance and transportation effi-
ciency, showcasing exceptional precision in landing and notable results in loading and
unloading tests when compared to conventional cranes. This affirms the effectiveness of
the twin traction method proposed in this study. Moreover, the Goliath Elevator system
earned the prestigious Korean World-class Product Award in 2019.

The limitations of this system primarily manifest during the installation phase. Setting
up the elevator system necessitates the temporary use of a crane, requiring adequate space
for its operation. Additionally, excavation of a pit beneath the intended elevator location is
mandatory. Establishing a robust foundation for the pit is crucial, often requiring additional
piles to be driven based on soil conditions. In locations with challenging terrain, such as
marine environments where pit construction is impractical, alternative access methods like
ramps for forklifts or staircases are employed.

The envisaged applications for this technology span super-large offshore plants, semi-
conductor display production facilities, underground high-speed railway stations, radioac-
tive waste storage sites, and high-rise building construction sites. Looking ahead, our
future plans involve the development of an 80-ton capacity elevator, capable of transport-
ing 500 people at once. Moreover, we are dedicated to developing an elevator specifically
tailored for shipping containers. This innovation is aimed at ports where numerous ship-
ping containers are often left exposed outdoors, with the aim of streamlining operations in
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fulfillment centers. Additionally, our research targets the development of multicage and
double-deck elevators to address evolving industry needs.
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