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1. Introduction 

In laboratory and production conditions, working with liquids of 

various categories, including dangerous biological fluids and toxic 

liquid substances, is associated with a number of issues relating to 

the intake and discharge of a given volume of fluid, for example 

transfer of fluid to other containers. Given the nature of the fluids 

with which laboratorians work, it is important to prevent the 

contamination of liquid samples, disposal of discharged liquid and 

device elements with surfaces which are in contact with it, as well 

as limiting the negative impact of hazardous liquids on the 

operator. 

A patent research revealed the presence of solutions related to 

micro-dosing of liquids [ 1-3 ], which ensure the accuracy of 

dosing, but do not involve taking a sample of liquid from external 

(device-independent) tanks; in other words, working only on 

discharge of liquid [ 1 ], or aiming at multiple intake and 

discharge of liquid, but without ensuring the sterility of the 

surfaces in contact with the liquid [ 2 ]. It proposes to use 

expensive contacting elements in the devices [3 ]. Also, the 

created solutions do not satisfy the requirements for the robotic 

system [4]. 

2. Creating a New Technical Device 

In this research a technical device is proposed [5] which is a 

robotic injection unit using replaceable capillaries, the principle of 

action of which is aimed at solving the following tasks: 

1) Improving the accuracy of micro-dosing of liquids in a wide 

range of costs: previously used for this purpose, needles and 

pipettes allowed to collect liquid with a volume limited by their 

own volumes; 

2) Preventing contamination of fluid samples; 

3) Prevention of possible negative impact of hazardous liquids on 

personnel, due to the limited contact of operators with hazardous 

liquids, including the automation of cutting a used capillary and its 

disposal; 

4) Improving the accuracy of dosing, including lessening the 

influence of the human factor when working with the installation 

[6,7].  

The assigned tasks determine the purpose of creating such a 

device, which is to increase productivity, reduce cost of 

consumables, diminish additional operations, and the time spent 

on research. The process of developing this installation involves 

development and testing of individual units of system that are 

responsible for fulfilling the requirements formulated in the patent 

[ 5 ]. Thus, it is required to design a device which can be used 

autonomously, working on a laboratory bench, which is also part 

of an immunochromatographic analysis [8,9] complex to solve the 

automation problem and, accordingly maximizes exclusion of 

operator actions [10]. These device requirements are needed for 

development [11] and determine the following characteristics: 

2) Easily portable, 

3) Stable on a horizontal surface, 

4) It should be possible to fix the unit in the complex of 

immunochromatographic analysis and movement of the capillary. 

3. Device Development Process 

Design process of a device is an iterative process [12] which 

includes: 

1) Definition of data input due to the requirements of device, 

2) Development of the concept of device as a result of research, 

and analysis of technical solutions used for these purposes, 

3) Three-dimensional virtual design, 

4) Prototyping, 

5) Approbation 

6) Identification of new requirements 

7) Iteration. 

 
Fig. 1. Design development process 

The process of developing concept itself can also be viewed as an 

iterative [13] course of action, since when conceptual solution for 

individual units is chosen, it is necessary to revise the design of 

the plant as a whole each time, and taking into account structural 

nuances of the individual units and the principles of their 

interaction [14]. 

3.1. Base Blocks of Robotized Injection Installation with 

Use of Replaceable Capillaries 

Fundamental units of a robotic injection installation using 

interchangeable capillaries, based on a capillary control system, 
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are schematically shown in Figure 2, including a positioning unit 

(fixing and moving the capillary tip), a used capillary section 

trimming unit, a sample set block, a microdischer and a sample 

feed rotor, dosing unit, microbatcher and cassette positioning unit, 

autonomous operation of the installation providing unit and / or 

the possibility of using it as part of a complex immunoassay 

analysis for the automation solution. 

 
Fig. 2. Selection of individual units of device. 

Figure 2 shows the connection of capillary control system of the 

immunochromatographic analysis complex with a dosing device, a 

block for positioning tapes with test strips, and a device for 

preparing and feeding samples and reagents. 

4. Capillar Control System (Capillation 

Positioning Unit and Cutting Unit) 

Conceptual design of the considered injection unit was based on 

fundamental solution of capillary control problem, namely, fixing 

the capillary in the automatic manipulator and moving it (the 

capillary positioning unit (Figure 2),  movement pattern of which 

is shown in Figure (3) and capillary trimming (the capillary 

trimming unit ( Figure 2)). 

 
Fig.3. Capillary transfer pattern [4] 

where 1 is the base, 2 is the container for collecting the waste 

sections of the capillary; 3  is  device for precise positioning of the 

test cassette; 4  is test cassette with a test strip; 5 is the place on 

the test strip for sample application; 6 is capillary trimming unit; 7 

is well dosing device; c is the starting point of the device operation 

cycle [ 15 ]. 

5. Capillary Movement Unit 

At this stage of research and formulation of concept, a technical 

solution implemented in 3D printers was chosen as a prototype of 

the principle and design of manipulator movement. This 

technological solution provides movement of the working head in 

3 axes. The minimum sufficient at this stage of development is 

movement of the manipulator along two axes. 

As a result, concept of the capillary positioning unit, which 

provides its supply, is a two-coordinate system that allows you to 

move the capillary along 2 axes [ Figure 3]. The movement is 

carried out in up-down direction to ensure the intake and discharge 

of liquid directly into the container, as well as movement of the 

capillary from sample collection capacity to the test strip and to 

the capillary trimming and disposal unit. The installation design 

assumes presence of two racks. One of which has two legs and a 

niche between them (about 3 cm in height), the dimensions of 

which make it possible to place an automated sample feeding 

device. 

The use of guides and capillary movement mechanism, and 

presence of motors are decisive which determine dimensions of 

the installation. The intended use of installation as autonomous 

equipment also imposes requirements on its strength 

characteristics, and, accordingly, requirements on the material of 

installation elements [17] and their manufacturing technology 

determine certain design solutions, such as presence of stiffeners. 

Presence of reinforcing elements to prevent deformation and 

destruction of attachment points of guides are provided in this 

design [18]. Liquid dosing system created as a result of 

prototyping which uses example of a robotic injection system and 

detachable capillaries [19] is presented in Figure 4. 

 
Fig. 4. Fluid dosing systems on the example of a robotic injection system 

using capillaries 

A principle of capillary fixing on the manipulator has been 

developed taking into account the possibility of using a wide range 

of capillaries which can be different in diameter and material. 

Currently capillaries are available with an outer diameter of 350 to 

400 microns, while the inner diameter varies from 10 to 200 

microns. The capillary is clamped by pressing it with a roller to 

the feed gear, as can be seen in Figure 4. The capillary is 

controlled manually by using a spring-loaded lever. 

6. Capillar Trimming Unit 

The conceptual design of capillary trimming unit involves solving 

the following tasks: ensuring reliability of trimming the used end 

of capillary, including power spot of the cutting point, and 

ensuring reliable fixation of structural elements using an available 

reliable and well-proven consumable material. 

Given that, pruning is carried out automatically and the motor 

ensures that about 100,000 operations are performed; it is 

advisable to use interchangeable cutting knives. As knives, you 

can use well-proven stationery knives, the blade of which is 

updated by breaking off the used edge of the knife. Taking into 

account possible efforts during the cutting operation, it is 

necessary to ensure reliable fastening of the knives and elements 

that ensure movement of knives to the base. 

 At this moment, a conceptual design has been developed for 

movement of the knife at the time of cutting capillaries (Figures 5, 

6, 7). A gear mounted on a stationary base part of the structure is 

fitted with a movable part with teeth on the inside of the hole. 

Knife is fixed on the fixed part of the structure. Movable part is 

attached to the base on a ball bearing with a flange, which allows 

you to firmly secure movable part to the base, preventing the 

bearing from flying. The principle of operation of this unit 

assumes that gear is fixed on the fixed base part, transmits 

movement from motor to the internal teeth of the movable part, 

which in turn moves the capillary pushing it onto knife blade. 
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Distance from teeth of the movable part to the point of attachment 

refers to distance from the point of attachment to the cutting point 

as 1: 5. Thus, this design works on the principle of a lever, 

increasing force supplied by the motor, providing a reserve of 

power to the capillary cut-off points. 

 
Fig.5. System to ensure movement of the knife at the time of cutting 

capillaries (front view) 

 
Fig. 6 System for ensuring movement of the knife at the time of cutting 

capillaries (complete). 

 
Fig. 5. System for ensuring movement of the knife at the time of cutting 

capillaries (rear view) - shows a ball bearing with a flange. 

The cycle of using knife involves breaking edge of the knife and 

rearranging the new blade. Disposal of the debris from used blade 

of knife is supposed to be collected in the same containers as the 

capillary trim. The conceptual design of knife blade fixation 

system, which breaks off its used edge and its utilization, fixes a 

new edge, and allows replacing the entire knife blade, is under 

development. 

7. Conclusion 

Process of developing the concept can be viewed as iterative 

course of action, since it is necessary to revise the design of the 

plant as a whole each time when choosing a conceptual solution 

for individual units, taking into account the structural nuances of 

the individual units and the principles of their interaction. Thus, in 

the development process this approach allows one to take into 

account the close connection of capillary control system of 

immunochromatographic analysis complex with a dosing device, a 

block for positioning test strips cassettes, and a device for 

preparing and feeding samples and reagents.  

As practice has shown, design development has become more 

complex and moved into the field of information technology [22]. 

At the present moment of time, it is the information system which 

connects functionality of future devices, interdependence of 

geometric forms of elements and their combination in a single 

device [ 23 ]. It is also worth noting the fact that innovative means 

of industrial design do not simplify work of a designer [ 24 ], and 

only provides new formats of presenting ideas that are more 

adapted to production [ 25 ]. Due to this, rapid prototyping tools 

(rapid prototyping technologies) make it possible to obtain valid 

prototypes and test and correct design solutions in the shortest 

possible time. 
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