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Abstract 

Aiming at the problem of inconvenience in daily movement of disabled elderly with 
lower limbs, carry out the design of humanoid back-hold type lifting nursing machine, 
realize auxiliary ride and move. Focus on the overall scheme design of mechanical 
structure, the design of the kinematics scheme of the mechanism and the force analysis 
of the humanoid back-carrying lifting nursing machine, the selection of driving and the 
verification of the mechanism of the mechanism finally achieved the expected design 
technical requirements. 
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1. Introduction 

In recent years, with the rapid development of my country’s economy, the problem of population 

aging has become increasingly prominent; according to statistics from the National Office on Aging, 

as of the beginning of 2019, there are about 250 million elderly people in China who are 60 years old 

and above. It accounts for 17.9% of the total population. As the elderly population continues to grow 

inertially, the nursing needs of the disabled elderly who have been bedridden for a long time have 

increased, requiring nursing staff to assist in the transfer between different scenarios such as bed to 

wheelchair, wheelchair to toilet. The traditional transfer method is mainly completed by manpower, 

which is labor-intensive and easy to cause secondary injury to patients. Since there is no convenient 

and practical solution for transfer and transportation so far, the disabled elderly can only take daily 

care such as eating, going to the toilet or even bathing finished on the bed. 

As early as the 1980s, Japan began to do research on displacement robots. In recent years, with the 

development of robot technology, various displacement care robots equipped with smart sensors have 

appeared. For example, in 2009, the Japanese Logic Machine Company exhibited hydraulic Drive-

type nursing robot Yurina. This type of nursing robot is hydraulically driven, and the mechanical arm 

has a large lifting force, but the bulky hydraulic system makes it larger, unable to flexibly enter and 

exit narrow spaces, and the application scenarios are relatively limited. In 2007, the humanoid dual-

arm displacement robot RI-MAN was designed by the Japanese Institute of Physics and Chemistry 

[1]. The RI-MAN robot has a soft and safe appearance, and there are tactile sensors on the arms and 

body, therefore, that can lift or move the patient carefully. 

The robot nurse launched by HStar in 2014 is similar in structure to the dual-arm displacement robot, 

but the software and hardware requirements are higher than the dual-arm displacement robot. 

Although this type of robot has a high degree of intelligence, it is expensive, and it is difficult to enter 
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the home for popular applications. In response to domestic market demand, there are also more types 

of lifts on the market. The sling lift can be composed of a movable electric push rod device and a 

hanging device. The lower part of the hanging device is equipped with a boom and a hook to lift the 

caregiver. A universal wheel is installed on the base to realize movement. In order to facilitate 

carrying, each component is designed into a detachable structure, and the material in contact with the 

human body is a soft fabric, which is elastic and comfortable to the touch. The problem with this type 

of product is that it cannot free the buttocks, making preparations for transportation more time-

consuming and unable to meet the convenience requirements. 

Aiming at the problem of inconvenience in daily movement of disabled elderly with paralyzed lower 

limbs, this paper carried out the overall plan design of mechanical structure, the kinematics plan 

design of the mechanism, and the force analysis of the humanoid back-holding lift nursing machine, 

drive selection and institutional strength school verification. 

2. Structure design of humanoid back-holding lifting nursing machine 

2.1 The overall design of the humanoid back-holding lifting nursing machine 

The overall structure of the humanoid back lift type lifting nursing machine is shown in Fig. 1, which 

is mainly composed of a mobile chassis mechanism, a lifting adjustment mechanism, a body shell, a 

knee support device, and a posture conversion mechanism. The mobile chassis mechanism is an 

important part of supporting the body, and there are four universal wheels under the base. The 

universal wheel can realize the 360° direction change during the shifting process. The latter two 

universal wheels are equipped with locking devices to ensure that the machine can be locked and 

stopped during the stop operation to prevent potential safety hazards. 

The lifting adjustment mechanism is an important mechanism for realizing the functions of ascending 

and descending. Gray cast iron used for the shell material. It is easy to cast and process, withstand 

pressure, good vibration absorption, lower cost than cast steel, and good wear resistance. The knee 

support device is composed of a knee support plate and a pin link structure for adjusting the length 

of the support plate, which can meet the requirements of people of different heights and body types. 

The posture conversion mechanism is the main body that realizes the humanoid back lift function. It 

is supported by the chest, underarms and knees, and the force is even. Cooperate with the hand grip 

to ensure that people are comfortable and not slipping during the lifting process. 
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1. Posture conversion mechanism 2. Body shell 3. Lifting adjustment mechanism 4. Knee support 

device 5. Moving chassis mechanism. 

Fig. 1 The overall structure of the humanoid back-carrying lift nursing machine. 

 

2.2 The working principle of the humanoid back-hold lift nursing machine 

According to Fig. 1, the humanoid back-carrying lifting nursing machine is divided into five 

functional modules, and three functional modules play the main role: posture conversion mechanism, 

lifting adjustment mechanism and mobile chassis mechanism. 
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2.2.1. The design of the posture conversion mechanism module. 

The purpose of the posture conversion module is to make the humanoid back lift nursing machine 

imitate people's back lift movement, solve the uncomfortable problem of traditional lifts, and liberate 

people's buttocks. The posture conversion mechanism is mainly composed of four parts: hand-held 

device, electric push rod I, knee support device and humanoid back cushion. The motor is installed 

under the electric push rod I, and the function of the hand-holding device and the knee support device 

is to ensure that people play a safe support function during the displacement process. The material of 

the humanoid back cushion is soft fabric, which is elastic and comfortable to touch. The specific 

structure is shown in Fig. 2. 
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1. Hand-held device 2. Electric push rod 3. Knee support device 4 humanoid back cushion. 

Fig. 2 Schematic diagram of pose conversion mechanism 

 

2.2.2. Modular design of lifting adjustment mechanism. 
The humanoid back-hold type lifting nursing machine can lift people up, and the lifting adjustment 

mechanism plays an important role. The lifting adjustment mechanism is mainly composed of electric 

push rod device. The electric push rod is connected with the base. When the motor starts to rotate, 

the electric push rod Ⅱ starts to move upward through the coupling, pushing the driven rod to realize 

the lifting angle of the push rod. When it rises to a certain angle, the electric push rod Ⅰ that controls 

the posture conversion mechanism starts to work, which can realize the real back lift of the person. 
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1, Electric push rod 2. Step motor 

Fig. 3 Schematic diagram of lifting mechanism 
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2.2.3. The design of the mobile chassis 

The mobile chassis design is shown in Fig. 4. Its basic requirements are small size and high strength, 

and the purpose is to be able to move freely and unimpeded in places such as dining tables, sofas, and 

toilets. The mobile chassis is mainly composed of 4 universal wheels and a base. The role of the base 

is to withstand the gravity of all the mechanisms in the humanoid back-carrying lifting nursing 

machine, so the base is required to have sufficient compressive strength and bending strength. The 

function of the universal wheel is to be able to switch at any time in the 360° direction during the 

lifting process of the humanoid back-carry lifting nursing machine. The initial design of the humanoid 

back-holding lifting nursing machine has a dead weight of 70kg and a maximum load of 900N. The 

maximum load that the single universal wheel can bear is: 

Nn
M

zE
T 600

)(
=

+
=                              (1) 

In the formula, T is the required weight of a single wheel, and E is the weight of the equipment. Z is 

the maximum load, M is the number of universal wheels used, n is the safety factor, and the value is 

1.3. 
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1 Cardan wheel 2 Cardan wheel with locking device 3 Chassis 

Fig. 4 Mobile chassis mechanism. 

 

3. Kinematics analysis of human-like lifting nursing machine 

The electric push rod mechanism is an important mechanism to realize the lifting and lowering 

functions of the humanoid back-holding type lifting nursing machine. The electric push rod 

mechanism is linked with the chassis and chest embracing mechanism through hinges. In the process 

of rising or falling, the angle α of the putter will also change with time t. The motion diagram of the 

electric push rod mechanism is shown in Fig. 5. 
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Fig. 5 The movement diagram of the putter. 
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In Fig. 5, OB represents the electric push rod, AB=430.0mm, OA=312.0mm, ∠OBA=30.0°, and the 

electric push rod II selects a stroke of 200.0mm. Considering the size and installation distance of the 

electric push rod, OB=295+vt, where v is the push rod speed. According to the conditions of use, this 

article chooses a 42mm two-phase hybrid stepping motor, the maximum speed of the motor is 

v=6mm/s, and the trigonometric function shows: 
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In formula (2), is the expression of the putter angle α and the time t. Fig. 6 is the change curve of the 

putter angle α and time t. The analysis of Fig. 6 shows that the overall curve increases upward. When 

t=0s, α_min=45.59°=0.795rad, this angle represents the angle between the push rod and the base. 

When t=33.3s, α_max=89.68°=1.564rad, Δα=α_max-α_min=49.48°. The putter angle α changes 

relatively smoothly with time, and tends to change linearly, that is, the putter is relatively stable in 

the working process. 
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Fig. 6 The change trend graph of the putter angle α and time t. 

 

4. Static analysis of humanoid back-holding lifting nursing machine. 

The force of the humanoid back-holding lift nursing machine mainly comes from the person’s own 

gravity. What needs to be paid attention to is the force of the human’s gravity on the push rod during 

the rising and falling process of the humanoid back-holding lifting nursing machine It will be different. 

This article uses finite element analysis to check the stiffness and strength of the electric push rod. 

Since the angle α will change during the ascent and descent of the humanoid back-carrying lifting 

nursing machine, it is now proposed that when the angle α of the putter is 45°, the schematic diagram 

of the force on the putter is shown in Fig. 7. 

Import the model into the Simulation static stress analysis module in Solidworks, set the push rod 

material to gray cast iron HT250, and the main parameters of the material are shown in Table 1. 

 

Table 1 Main parameters of materials 

Material Density Elastic Modulus Elastic Modulus Tensile strength 

Grey cast ironHT250 7200kg/m3 6.6178e+010 0.27 572165000N/m3 
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Fig. 7 A simplified diagram of the force analysis of the push rod. 

 

In finite element analysis, good meshing can effectively improve the accuracy of the finite element 

analysis results, but the increase in the number of meshes will also lead to an increase in calculation 

burden and increase in computing time. In view of the above problems, the cell division in this article 

The regular tetrahedron method is used for division. While ensuring the progress of the stress 

calculation, the work efficiency is ensured. The cell size is set to 2mm. After the mesh is divided, 

there are a total of 129649 cells and 188747 nodes, as shown in Fig. 8. 

 

 

Fig. 8 Putter grid map. 

 

After the model is meshed, click on the "Fixture Advisor" of SolidWorks Simulation, select the fixed 

hinges to restrain, and then add external loads to the model. Finally, click Simulation to run this 

calculation example, and obtain the deformation shape displacement, static displacement, static strain, 

and static stress analysis diagrams as shown in Fig. 9. 

According to the finite element analysis data in Fig. 9, it can be seen that the upper part of the push 

rod is subjected to the largest stress. According to the relevant mechanical design manual, the gray 
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cast iron HT250 can meet the strength requirements of the push rod. Therefore, gray cast iron HT250 

is selected as the push rod material to meet the normal use of humanoid back-carry lifts. 

（a） （b）

（c） （d）

 
（a） （b）

（c） （d）
 

Fig. 9 Deformation shape displacement, static displacement, static strain, and static stress analysis 

diagram of the push rod. 

 

5. Conclusion 

The mainly structure design of the humanoid back lifting nursing machine, and proposes an overall 

design plan. According to the motion law of each original moving part, the motion performance of 

each mechanism is determined, so as to verify the rationality of each mechanism. Finally, through the 

motion analysis of the mechanism, it can be known that the motion stability of the humanoid back-

carrying lift nursing machine in this article is good and meets the expected design requirements. 
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