






ABSTRACT

Explanatory note to the degree project on "Production of medical

droppers of plasticized PVC by extrusion", 101 pages , 4 figures, 21

tables, references.1 application.

The project of technological process of making of medical droppers

is worked out.

The project is the choice of technological schemes of raw materials

and equipment. Given the characteristics of raw materials and equipment

requirements regulations to them.

Material balance was calculated according to a given production

capacity.

An automatic control circuit and control unit separate.

The economic feasibility of using this calculation method is given.

An engineering solutions to environmental and occupational safety

and waste disposal are given.

The project is added with graphic documentation, diagrams and

tables.

EXTRUDER, EXTRUSION, PVC, PROCESS FLOW DIAGRAM,

MATERIAL BALANCE, TECHNOLOGICAL CALCULATION



РЕФЕРАТ

Пояснювальна записка до дипломного проекту «Production of

medical droppers of plasticized PVC by extrusion», 101 сторінок, 4

рисунків, 21 таблиці, посилання.1 додатки.

Розроблено проект технологічного процесу виготовлення

медичних крапельниць.

Проектом є вибір технологічних схем сировини та обладнання.

З огляду на особливості сировини та обладнання вимоги

нормативних документів до них.

Матеріальний баланс розраховували відповідно до заданої

виробничої потужності.

Схема автоматичного управління і блок управління розділені.

Наведено економічну доцільність використання цього методу

розрахунку.

Наведено інженерні рішення щодо охорони навколишнього

середовища та безпеки праці та утилізації відходів.

Проект доповнено графічною документацією, схемами та

таблицями.

ЕКСТРУДЕР, ЕКСТРУЗІЯ, ПВХ, СХЕМА ПРОЦЕСУ,

МАТЕРІАЛЬНИЙ БАЛАНС, ТЕХНОЛОГІЧНИЙ РОЗРАХУНОК
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SECTION 1. ANALYTICAL PART OF PRODUCTION

TECHNOLOGY

1.1Product model/specification and its division description

1.1.1Product model specifications and markings

1.1.1.1Classification of product model specifications

The disposable infusion set with needle consists of a disposable

infusion set gravity infusion set (abbreviated as infusion set) and a

disposable intravenous infusion needle (abbreviated as intravenous

needle). The model and the specification of the intravenous needle are

combined. The model of the infusion set is determined by the structure

and form of the infusion set. The specification of the intravenous needle

is identified by the nominal outer diameter of the intravenous needle tube,

the nominal length of the needle tube, the tube wall type and the blade

angle angle.

1.1.1.2 Product model specifications

The specifications of the disposable infusion set with needle are

shown in Table 1.1.
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Table 1.1 Disposable infusion set with needle model specifications

1.1.2 Product marking

Disposable infusion set with needle type and specifications are

marked by the infusion set model and the combination of the

specifications of the intravenous needle.

Infusio
n set
model

Composition of infusion set General
arrangement

Specification of
intravenous needle

Differential configuration Cork piercer

protective cover,

intake device with

air filter, dropper,

dropper, pipeline,

injection part, liquid

medicine filter,

outer cone

connector

Note: The liquid

medicine filter and

the outer cone joint

can be made in one

body.

0.45×16 RWLB、

0.55×20 RWLB、

0.6×22.5 TWLB、

0.6×25 TWLB、

0.7×22.5 TWLB、

0.7×25 TWLB、

0.8×25 TWLB

Plastic
cork
piercer

Intak
e

pipe

Flow
regulat
or

B3 1 1 1

B3-1 1 —— 1

B3-2 2 1 1

B3-4 2 2 3

The injection part can be located elsewhere
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Example:

The product model is B3-1, the nominal outer diameter of the needle

tube is 0.7mm, the nominal length of the needle tube is 25mm, the tube

wall type is thin-walled, and the blade angle is a long bevel angle. The

needle mark is:

B3-1 0.7×25 TWLB

1.1.3 Product structure composition

The disposable infusion set with needle consists of a cork puncture

protective cover, a cork puncture, an air inlet device with an air filter or

an air inlet pipe, pipeline, dropper, dropper, flow regulator, injection,

liquid medicine.[1] It is composed of filter (including outer cone

connector) and intravenous needle. Its structure and the names of its

components are shown in figure1.1.
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Figure 1.1 Disposable medical dropper set with needle
1 Cork piercer protective cover 2 Air inlet device or air inlet pipe with air filter 3 Cork piercer 4

Pipeline 5 Dripper 6 Drip pot 7 Pipeline 8 Flow regulator 9 Injection parts 10 Liquid medicine filter
(including Outer conical connector) 11 Intravenous infusion needle in accordance with ISO 594-1

1.1.4 Materials

The materials with needles for manufacturing disposable infusion

sets should meet the requirements of ISO 10993-71995 "Biological

Evaluation of Medical Devices Part 1: Evaluation and Testing in the

Process of Risk Management". Disposable infusion set with needle cork

puncture, intravenous needle needle handle is made of

acrylonitrile-butadiene-styrene copolymer material; disposable infusion

set with needle dropper, dropper, tubing, The liquid medicine filter and

the needle seat are made of polyvinyl chloride material; the air filter

membrane with needle for the disposable infusion set and the liquid

medicine filter membrane are in line with ISO 15223-1:2007 "Medical

infusion, blood transfusion, injection equipment Polypropylene special

material" polypropylene special material; disposable infusion set with
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needle cork puncture device protective cover, flow regulator, air filter

shell shall comply with ISO 15223-1: 2016 "Medical infusion, blood

transfusion, injection equipment It is made of polyethylene special

material"; the intravenous needle tube adopts a stainless steel needle tube

that meets the requirements of ISO 9296：2016 "Stainless Steel Needle

Tube for Manufacturing Medical Devices"; the injection part is made of

polyisoprene. Product components and corresponding raw material

chemical names, implementation standards or grades are shown in Table

1.2.

Table 1.2 Product components and the corresponding chemical

general names, implementation standards or grades of raw materials.

Number
Accessory

name

Material

name

Executive

standard/brand

1 2 3 4

1 Cork piercer Acrylonitrile-

butadiene-sty

rene

copolymer(A

BS)

757K

2

Infusion

needle

handle
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Continuation of table 1.2

3

Cork

piercer

protective

cover

Polyethylene

(PE) YY/T0114-2008

Air filter

Flow

regulator

4

Drip

bucket,

pipeline,

intake

pipe Polyvinyl

Chloride

(PVC)

YY/T15593-1995Dropper

Liquid

medicine

filter,

needle

seat
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Continuation of table 1.2

1.2 Performance indicators

1.2.1 Infusion set

The infusion set should be manufactured under minimal particulate

pollution conditions. The surface of the liquid passage should be smooth

and clean, and the pollution index should not exceed 90. There should be

no leakage from the infusion set. The connection between the

components (excluding the protective cover) of the liquid channel of the

infusion set should be firm and not loose or fall off.

The size of the cork piercer should conform to that shown in Figure

1.2.

1 2 3 4

6
Air filter

membrane

Polypropylen

e
YY0770.2-2009

7 Needle SUS304 GB/T18457-2015
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Figure1.2 The size of the cork piercer
(Note: The 15mm size in Figure 1.2 is the measurement standard, and the cross section of the trocar is circular.

Unit is mm)

The cork piercer or needle of the air intake device should have a

protective cover to keep the internal parts of the infusion set sterile before

use. The intake device should have an air filter to prevent microorganisms

from entering the container into which it is inserted. When the air inlet

device is inserted into a rigid container, the air entering the container

should not enter the effluent. The air filter should be installed so that all

air entering the rigid container passes through it. The rate of decrease in

the flow rate of the liquid flowing out of the free-intake container should

not decrease by 20%.

Pipes made of plastic materials should be transparent or sufficiently

transparent, when bubbles pass through, the interface between water and

air can be observed with normal or corrected vision. The length of the

pipe from the end to the drip hopper (including the injection part (if any)

and the outer conical joint) should not be less than 1500mm.
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The infusion set should have a liquid medicine filter. The filtration

rate of latex particles by the filter should not be less than 80%.

The drip hopper should be able to continuously observe the droplets.

The liquid should enter the drip hopper through a drip tube inserted into

the drip hopper. The drip hopper should help the liquid filling process.

The distance between the end of the dropper and the outlet of the dropper

should not be less than 40mm, or the distance between the dropper and

the liquid filter should not be less than 20mm. The distance between the

drip hopper wall and the end of the drip tube shall not be less than

5mm.[2] The volume of the drip bucket should be large enough and

flexible, without flattening, the external volume should not be less than

10cm3, the wall thickness should be uniform, and the minimum wall

thickness should not be less than 0.5mm. Under the condition of

(23±2)℃ and the flow rate of (50±10) drops/min, 20 or 60 drops of

distilled water from the dropper should be (1±0.1)ml [(1±0.1)g].

The flow regulator should be able to adjust the liquid flow from zero

to maximum. The orange flow regulator cannot be used. The flow

regulator should be able to be used continuously in one infusion without

damaging the pipeline. The flow regulator and the pipeline should not

produce harmful reactions when they are stored in contact with each other.

The adjustment stroke of the flow regulator should be large enough, and

the adjustment stroke of the roller-type flow regulator should not be less
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than 30mm.

The flow of liquid in the infusion set should be smooth.

For an infusion set with a dropper of 20 drops/mL, the infusion set

should output sodium chloride solution [mass concentration

ρ(NaCl)=9g/L) within 10 minutes under a static pressure head of 1m and

not less than 1000mL.

For the infusion set with a dropper of 60 drops/mL, the output of

sodium chloride solution [mass concentration ρ(NaCl)=9g/L] within 40

minutes under the 1m static pressure head of the infusion set should not

be less than 1000mL.

If there is a self-sealing injection part, there should be no leakage of

the injection part.

The end of the pipeline should have an outer conical connector that

complies with ISO 594-2:1998 "6% (Luer) conical connector for syringes,

injection needles and other medical devices, Part 2: Locking connectors".

The cork puncture device of the infusion set should have a protective

cover. The length of the protective sleeve should be longer than the object

to be protected. The protective sleeve should be firm but easy to remove.

And will not fall off naturally.
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1.2.2 Intravenous infusion needle

Intravenous needles use the color of the needle handle as the color

code of the nominal outer diameter of the needle tube. Its color should

meet the requirements of ISO 6009 "Disposable injection needle

identification color code".

The intravenous needle contamination index should not exceed 90.

The connection between the needle handle of the intravenous needle

and the needle tube should be firm, and should not be disconnected or

loosened. The connection between the venous needle hose and the needle

handle and the hose and the connecting seat should be firm, and there

should be no looseness or separation at each connection.

The inner cavity of the intravenous needle should have a good seal.

There should be no leakage.

The output flow of the venous needle should not be lower than that

specified in Table 1.3.

Table 1.3 Intravenous needle flow index

Specification/mm 0.45 0.5 0.55 0.6 0.7 0.8 0.9 1.1 1.2

Flow

rate/(mL/min)
2.8 3.2 3.8 5.0 11.0 21.0 36.0 48.0 48.0

When the nominal length of the needle tube is less than or equal to

15mm, the length of the needle tube should be the nominal value ±1.0mm;

when the nominal length is greater than 15mm, the length of the needle
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tube should be the nominal value+1.5mm/-2.0mm.

The tip of the intravenous needle should be sharp and free of defects

such as burrs, burrs and hooks.

If the needle tube is coated with lubricant, there should be no visible

accumulation of lubricant on the outer surface of the needle tube.

The conical connector of the connector should meet the

requirements of ISO 594-2: 1998 "6% (Luer) Conical Connectors for

Syringes, Injection Needles and Other Medical Devices, Part 2: Locking

Connectors".

The stem of the intravenous needle should be intact. The mark is

clear, the needle handle should be in the same direction as the first bevel

angle of the needle tip, and its inclination should not be greater than 30°.

The tube of the intravenous needle should be soft, transparent,

smooth and free of obvious mechanical impurities, foreign bodies, or

kinks. Its transparency should ensure that bubbles and blood return can be

observed.

The venous needle protective sleeve and protective cap should not

fall off naturally and are easy to remove.

1.2.3 Chemical requirements

The total amount of potassium permanganate solution

[c(KMnO4)=0.002mol/L] used does not exceed 2.0mL.[3]

The total content of barium, chromium, copper, lead and tin in the
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extract should not exceed 1 μg/mL. The content of cadmium should not

exceed 0.1μg/mL.

The color of the extract should not exceed the standard control

solution with mass concentration ρ(Pb2+)=1μg/mL.

Any standard solution required to make the indicator color gray

should not exceed 1 mL.

The total amount of dry residue should not exceed 5mg.

The absorbance of the extract should not be greater than 0.1.

The residual amount of ethylene oxide in each set of infusion set

should not exceed 0.5mg.

1.2.4 Biological requirements

The disposable infusion set with needle should be sterile.

The disposable infusion set with needle should be free of pyrogen.

Rabbit Test Method (Arbitration Law).

The limit of bacterial endotoxin with needle for single-use infusion

set should be ≤20 EU/set.

1.3 Requirements for raw materials

The material used to make the dropper is PVC.

Polyvinyl chloride (Polyvinyl chloride), abbreviated as PVC in

English, is a polymer of vinyl chloride monomer (VCM) polymerized by
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peroxides, azo compounds and other initiators or under the action of light

and heat according to the free radical polymerization reaction

mechanism. . Vinyl chloride homopolymer and vinyl chloride copolymer

are collectively referred to as vinyl chloride resin.[4]

Figure 1.3 PVC overview diagram

PVC is a white powder with an amorphous structure, with a small

degree of branching. The glass transition temperature is 77~90℃, and it

starts to decompose at about 170℃. It has poor stability to light and heat.

It is above 100℃ or exposed to long-term sunlight. , It will decompose to

produce hydrogen chloride, and further autocatalytic decomposition will

cause discoloration, and the physical and mechanical properties will also

decline rapidly. In practical applications, stabilizers must be added to

improve the stability to heat and light.

The molecular weight of industrially produced PVC is generally in

the range of 50000 to 110000. It has a large polydispersity. The molecular

weight increases with the decrease of polymerization temperature. There

is no fixed melting point. It starts to soften at 80-85°C and becomes



23

viscoelastic at 130°C. , 160～180℃ begin to transform into viscous fluid

state; it has good mechanical properties, the tensile strength is about

60MPa, the impact strength is 5-10kJ/m2, and it has excellent dielectric

properties.

PVC used to be the world's largest production of general-purpose

plastics, and it has a wide range of applications. It is widely used in

building materials, industrial products, daily necessities, floor leather,

floor tiles, artificial leather, pipes, wires and cables, packaging films,

bottles, foaming materials, sealing materials, fibers, etc.

In the past 20 years, consumers in the Asia-Pacific region have

undergone tremendous changes in their health and nutrition. This is

mainly due to economic development and the improvement of living

standards and education. More and more consumers and patients are

willing to learn about the medical industry and are willing to purchase

healthcare services, such as self-diagnosis tools. That is, medical grade

polyvinyl chloride (Poly (vinly chloride) PVC).

PVC has been used as a medical material for many years. It has

chemical resistance, strong resistance to oxidants, reducing agents and

strong acids, and is wear-resistant, easy to produce, safe to use, and low

in cost.

This kind of material has good compatibility with intravenous fluid

and blood, so it is widely used, such as various medical hoses, blood
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storage devices, dialysis accessories, surgical gloves, medical conditions,

and artificial organs.

As a medical material, PVC not only needs to meet the requirements

of materials science, but also needs to meet the requirements of biology:

(1) The plasticizers, stabilizers and other additives used are

non-toxic, and are not easy to seep out of the PVC material;

(2) Good biocompatibility, no teratogenic or carcinogenic, no

allergic reaction;

(3) Good blood compatibility, low hemolysis, and good

anticoagulation.

1.4 Technology description

Extrusion is also called extrusion molding or extrusion in plastic

processing, and extrusion in rubber processing. It refers to a processing

method in which materials pass through the action between the barrel and

screw of the extruder, while being plasticized by heat, being pushed

forward by the screw, and continuously passing through the head to make

various cross-section products or semi-products.

1.4.1 Extrusion equipment

The main body of the extruder is the extruder and the head, in

addition to the auxiliary equipment such as feeding, shaping, cooling,

traction, cutting and coiling (see color picture). It also includes
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vulcanization equipment during rubber processing. In actual production,

the main body and auxiliary equipment are often connected as a unit for

use.[5]

According to the number of screws, there are single-screw extruders

and twin-screw extruders.

According to the number of screws, there are single screw extruders

and twin screw extruders.

1.4.1.1 Single screw extruder

The single-screw extruder is equipped with a rotating screw in the

heating barrel. The outer area of the barrel is equipped with heating and

cooling devices. One end has a radial feeding port, and the other end is

axially connected to the die. The screw is a key component of the

extruder. The main technical parameters of a single screw extruder are

screw diameter, length-to-diameter ratio (ratio of screw length to

diameter), screw speed range, drive motor power, barrel heating power

and machine production capacity. The screw diameter determines the

production capacity of the extruder and the maximum allowable

cross-section of the product. Different materials require different

geometric shapes of screws and L/D ratios. Modern plastic extruders

widely use combined screws, distributive mixing screws, and adding

barriers or pins on the screws to improve plasticization, increase

production capacity and product quality.
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1.4.1.2 Twin screw extruder

The twin-screw extruder has two screws rotating in the ∞-shaped

heating barrel. Screws can be divided into meshing and non-meshing

types; combined and non-combined types; co-rotating and

counter-rotating. Co-directional meshing type and non-directional

meshing type are used more frequently. The former is used for plastic

blending, filling and reinforcement to produce various batch materials;

the latter is used for processing rigid polyvinyl chloride products.

Figure 1.4 Extruder

1.4.2Extrusion process

Generally, according to the type of polymer to be processed and the

shape of the product or semi-finished product, the extruder, die and die,

as well as the corresponding auxiliary devices such as shaping and

traction are selected, and then the extrusion process conditions such as

screw speed and die pressure are determined. , Material temperature, and

setting temperature, traction speed, etc. In the extrusion process, the
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materials generally have to be plasticized, but the shaping methods are

different.[6] For example, extruded plastic often needs to be cooled and

shaped to make it solidify, while the semi-finished product of extruded

rubber needs further vulcanization. Using different extrusion equipment

and processes, different products can be obtained.
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SECTION 2. TECHNOLOGICAL PART OF THE

PRODUCTION PROCESS

2.1 Material balance of production

2.1.1Determination of equipment time fund

Calculation of the regime fund of equipment operation time

Тreg = Тcal − Тhaw = 365 − 119 = 246 days

（2.1）

where Тcal -calendartime fund, 365 days;

Тhaw-number of holidays and weekends, 119 days.

Effective equipment operating time:

Тef = ((Тreg − Тtre)· Тs − Тsd ∗ τtor ∗ Кc) =

= (246 − 20) · 8 − 0 ∗ 0 ∗ 3 =5 424 hours. （2.2）

where Тtre– time required for equipment maintenance, 20 days;

Тs – duration of work shift, 8 hours;

Тsd – number of shortened days, 0 days;

τtor – time of reduction of change in pre-holiday days, 0 hours;

Кc – number of changes, 1 shift.

Equipment utilization rate over time:

η =
Tеf

Тreg
= 5424

246∗24
= 0.919

（2.3）
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2.1.2 Drawing up a material balance of syringe production

a) Calculation of the standard cost ratio per 1 ton of finished

products:

b) Кр = 1 + (К1+К2 + К3 + К4 + К5)=

= 1 + (0.001 + 0.0015 + 0.00015 + 0.003+0.005) =1.01065

（2.4）

where Кn – normative cost coefficient;

K1- emission factor of volatile products in production;

K2 - flow rate when changing the filter mesh;

K3 - waste recycling factor;

K4 - coefficient of technological waste.

K5 - coefficient that takes into account the preparation of waste

c) The basic sum of normative coefficients:

Кbsn=К1+К2 + К3 + К4 + К5=

=0.001 + 0.0015 + 0.00015 + 0.003+0.005=0.01065

(2.5)

d) Calculation of raw material consumption rates for the production

of 1000 medical droppers:

Нn = Кn ∗ m ∗ 1000 = 1.01065· 0.02·1000 = 20.213kg

(2.6)

where m is the weight of 1 medical dropper 0.02 kg.

e) Calculation of raw material consumption rates for the production
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of 1000 medical droppers:

Нcr = Нn
1000

= 20.213
1000

=0.020213

(2.7)

g) Annual rate of raw materials:

Qanu = Нcr∗ N= 0.020213·25228800 =509950

（2.8）

where N is the number of products produced per year, pieces,

25228800 pcs.

h) Weight of medical dorpper produced in 1 year:

M = m ∗ N = 0.02·25228800 = 504576 kg

（2.9）

Determination of the main technological loss in the manufacture

of medical droppers:

B= Qanu- M=509950 -504576=5374 kg

（2.10）

Determination of individual technological costs:

- Losses on the release of volatile products during extrusion:

X1 =
B ∗ K1

Kbsn
=

5347·0.0015
0.01065

= 504.6 kg

(2.11)

- Loss when replacing the filter

X2 =
B ∗ K2

Kbsn
=

5347·0.0015
0.01065

= 753.1 kg

(2.12)
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- Loss on waste disposal loss:

X3 =
B ∗ K3

Kbsn
=

5347·0.00015
0.01065

= 75.31 kg

(2.13)

- Loss caused by technology:

X4 =
B ∗ K4

Kbsn
=

5347·0.003
0.01065

= 1506.2 kg

(2.14)

- Loss of unused technical waste:

X5 =
B ∗ K5

Kbsn
=

5347·0.005
0.01065

= 2510.3kg

(2.15)

2.1.3 Drawing up an hourly material balance

a) Determine the amount of hourly output that issued per month, day,

shift and per hour:

- per month:

Xmonth=
N
12

= 25228800
12

=2102400 pcs

(2.15)

-per day:

Xday=
Xmonth

30
= 2102400

30
=70080 pcs

(2.16)

-per shift:

Xs=
Xday

Z
= 70080

3
=23360 pcs

（2.17）

-per hour:

Xhour= Xs
t

= 23360
8

=2920 pcs
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（2.18）

Similarly, we calculate the costs at different stages production (kg)

substituting instead of N annual losses of raw materials.

Through the mass of 1 medical dropper determine the consumption of

raw materials per month, day, shift, hour. The results are listed in table 2.1.

Table 2.1 - Consumption of raw materials

Raw

materia

l

Price

uah/k

g

Amount Loss,uah

kg/pe

r day

kg/pe

r

mont

h

kg/per

year
Per day

Per

month
Per year

PVC 44.60 700.8 21024 255792
31255.

68
937670.4 11408323.2

ESBO 159.6 70.08
2102.

4
25579.2

11179.

98
335399.4 4080692.7

DINP 63.2 616.7 18501 225095.5
38975.

44

1169263.

2
14226035.6

Ca/Zn 55 14.1 423 5146.5 775.5 23265 283057.5
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Determine the losses on volatile materials per month, day, shift and per

hour.

-per month:

Xmonth =
X1

12
=

504.6kg
12

= 42.05kg

(2.19)

-per day:

Xday =
Xday

30
=

42.05kg
30

= 1.40kg

(2.20)

-per shift:

Xs =
Xday

3
=

1.40kg
3

= 0.5kg

(2.21)

-per hour:

Xhour =
Xs

8
=

0.5kg
8

= 0.06kg

(2.22)

Determine the losses on replacing the filter per month, day, shift and per

hour.

-per month:

Xmonth =
X2

12
=

753.1kg
12

= 62.76kg

(2.23)
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-per day:

Xday =
Xmonth

30
=

62.76kg
12

= 2.1kg

(2.24)

-per shift:

Xs =
Xday

3
=

2.1kg
3

= 0.7kg

(2.25)

-per hour:

Xhour = Xs
8

= 0.7kg
8

= 0.1kg (2.26)

Determine the losses on disposal per month, day, shift and per hour.

-per month:

Xmonth =
X3

12
=

75.31kg
12

= 6.276kg

(2.27)

-per day:

Xday =
Xmonth

30
=

6.276kg
12

= 0.21kg

(2.28)

-per shift:

Xs =
Xday

3
=

0.21kg
3

= 0.07kg

(2.29)
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-per hour:

Xhour =
Xs

8
=

0.07kg
8

= 0.01kg

(2.30)

Determine the losses caused by technology per month, day, shift and per

hour.

-per month:

Xmonth =
X4

12
=

1506.2kg
12

= 125.5kg

(2.31)

-per day:

Xday =
Xmonth

30
=

125.5kg
12

= 4.2kg

(2.32)

-per shift:

Xs =
Xday

3
=

4,2kg
3

= 1.4kg

(2.33)

-per hour:

Xhour =
Xs

8
=

1.4kg
8

= 0.175kg

(2.34)

Determine the losses caused by unused technical waste per month, day,

shift and per hour.



36

-per month:

Xmonth =
X5

12
=

2510.3kg
12

= 209.2kg

(2.35)

-per day:

Xday =
Xmonth

30
=

209.2kg
30

= 7.0kg

(2.36)

-per shift:

Xs =
Xday

3
=

7.0kg
3

= 2.33kg

(2.37)

-per hour:

Xhour =
Xs

8
=

2.33kg
8

= 0.3kg

(2.38)

Determine the mass of syringes produced per month, day, shift and per

hour:

-per month:

Mmonth = Xmonth ∗ m = 2102400·0.02 = 42048kg

(2.39)

-per day:

Mday =
Mmonth

30
=

42408kg
30

= 1413.6kg

（2.40）
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-per shift：

Ms =
Mday

3
=

1413.6kg
3

= 471.2kg

（2.41）

-per hour:

Mhour =
Ms

8
=

471.2kg
8

= 58.9kg

(2.42)

Measures to save raw materials can be as follows:

- in the future the development of waste-free technology;

- full automation of the technological process;

- rational use of pneumatic transport, etc.

The main parameters of the technological process

Recycling of PVC requires adjustment plasticization modes:

- Increase in screw rotation speed up to 315 rot/min.;

- Plasticizing pressure - 10 MPa;

- Extrusion pressure 252 MPa ;

- Holding time under pressure for a sprue with a circular cross-section

along the nomogram is 10 s;

- Nozzle (melt) temperature - 190℃-210℃;

- Temperature of zone 1 - 185℃-195℃;

- Temperature of zone 2 - 25℃;

- Temperature of zone 3 - 180℃;
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- Temperature of zone 4 -170℃-180℃;

- Cooling time - 10s;

- Cycle duration - 11s.

Technical characteristics of the main technological equipment

The loading device Veradel A-201 is designed for automatic loading of

polymer granules into the hopper of the tubes extrusion machine.

Specifications:

Productivity up to kg / h 3

Hopper capacity, m3, not less than 2

Height of material presentation, m, no more than 3

Suction power, kW 0.8

Weight, kg, no more than 2000

Extrude

Specifications:Table 2.2 Extrusion device

1 2 3 4

Type of screw and cylinder O A B

Screw diameter
mm

inch

40.1

575

45

1772

50

1969

Plasticizer performance
kg/year

pound/year

105

231.5

142

313.1

187

412.3

Screw speed rot/min 315
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Continuation of table 1.2

Table 2.3 - General data

Pumb motor kV

HP

22

30

Heater power kV 8.3

Total power kV 30.3

The size of machine mm

inch

5400×1400×1700

Oil tank capacity L 260

Calculation of geometric parameters and auger dimensions Initial data

- the greatest plasticizing ability q = 100 kg / h

- power of electric heaters Рh = 30 kV.

k1 = 1.7 - the ratio of the auger stroke to the diameter；

D1 = 275·10−3 − 3·1.25/（0.785·1.7
1/3

= 0.637m

D2 = ql
0.7

1
2.5·10−2

D2 = 14
0.7

1
2.5·10−2 = 3.31·10−2

Diam auger correlation 22.5:1 20:1 18:1
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Determination of the nominal diameter of the piston

Dn = PrD1
2

Prg

1
2

Dn = 260·10−6· 0.3132 /5·10−6
1

2 = 0.127m

On a standard number of diameters we accept Dn = 0.127 m. On the

found value Dn1, the auger diameter is defined:

D3 =
PrgDn1

2

Pl

1
2

D3 = 5·10−6· 0.127 2

260·10−6

1
2

= 0.0176cm

Determined auger stroke at the calculated diameter:

Up = UHk

Hs =
4Up

π DH
2

Calculation of the auger profile

The main geometric parameters of the auger are replaced by the

coefficients k2, k3, k4；

�3
’ =

��3�3 �3 − �4 1 − �2
2 + �3 �

2
1

2

1 + �3 �
2

1
2

Where:

k2 = h / D = 0.13 - coefficient in the loading zone

k3 = ab / D = 1 - coefficient in the loading zone

k4 = b / D = 0.13 - coefficient in the loading zone
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U3
’ =

=
3.14·0.053· 1 − 0.13 1 − 0.13 2 + 1

3.14
2

1
2

1 + 1
3.14

2
1

2

= 0.3038m

Similarly determined the volume of one turn in the dosing zone:

Ud
’

=
πD3 k2

k5
k3 − k4 1 − k2

k5

2
+ k3 π

2
1

2

1 + k3 π
2

1
5

where k5 = 1,2 is the coefficient in the dosing zone

Ud
’

=
3.14·0.053· 0.13

1.2 1 − 0.13 1 − 0.13
1.2

2
+ 1

3.14
2

1
2

1 + 1
3.14

2

1
5

= 0.1156m

When calculating the volume of one turn of the auger in the zone of

plasticization,determine the volume of one turn of the auger in the

plasticization zone:
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Up
’ = πD3k2 k3 − k4 1

+ 1
k5

1 − 0.5k5 1 + k5
−1

2 k3 π
2

1
2

1

+ k3 π
2

−1
2

Up
’ = 3.14·0.053·0.13 1 − 0.13 1

+ 1
1.2 1 − 0.5·1.2 1 + 1.2 −1

2 1
3.14

2
1

2
1

+ 3.14 2 −1
2 = 4.5·10−3m3

Determined the total volume of polymer in the interturn space:

U1 = Upk6 = UHkk6

U2 = UHkk7

U3 = UHkk8

U2 = UHkk9

Where k6=k7+k8+k9

where k7 = 1,8 is the coefficient for calculating the profile of the auger;

k8 = 0.3 - coefficient for calculating the auger profile;

k9 = 0.5 - coefficient for calculating the auger profile.

U1 = 275·10−6·1.25·1.8 = 0.00061875m3

U2 = 275·10−6·1.25·1 = 0.00034375m3

U3 = 275·10−6·1.25·0.3 = 0.000103125m3

U4 = 275·10−6·1.25·0.5 = 0.0001718755m3

Express the volume of the cylinder in each zone through the volume of

one turn, the number of turns and the load factor, which follows:
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U2
' = Uf

’ Zf − Zx γz，

U3
' = Un

’ Znγn，

U4
' = Ud

’ Zgγg，

Zf = UHkk7
Uf

'γf
+ Zx

ZH = UHkk8
Un

' γn

Zg = UHkk9
Ud

' γg

where γz = 0,5 - the filling factor of the polymer interturn space;

γn = 0,8 - coefficient of filling of polymer of interturn space;

γg = 1 - the coefficient of filling of the polymer interturn space.

Zf = 275·10−3·1.25·1
0.21·10−5·0.5 + 1 = 6.28m

ZH = 275·10−3·1.25·0.3
4.5·10−3·0.8 = 28.64m

Zg = 275·10−3·1.25·0.5
0.1156·1 =1.48m

Determine the length of the auger in the zones:

Lf = abZf = 4·10−2·6.28 = 0.2512m

LH = abZH = 4·10−2·28.6 = 1.1456m

Lg = abZg = 4·10−2·1.48 = 0.0592m

Determine the total number of turns:

Ztotal = Zf+ZH + Zg = 6.28 + 28.64 + 1.48 = 36.4m
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Determine the effective length of the auger:

Lef = Zefab

Zef = UHk k7
U3γz

+ k8
Up

' γn
+ k9

Udγg

Zef=14.07

Lef = 14.07·4·10−2 = 0.5628m

Ltotal = Lef + kD

Ltotal =0.56742

Screw diameter (D)

The screw diameter determines the shape and size of the product and the

required productivity. However, it is a more complicated problem to

determine the screw diameter according to the output, because the output of

the extruder is not only determined by the screw groove depth, diameter, etc.

Geometric parameters are directly related to screw speed, head pressure,

melting point, etc.Initially determine the screw diameter D=20mm.

Screw length-to-diameter ratio (L/D)

The screw length-to-diameter ratio refers to the ratio of the effective

length of the screw to the screw diameter.[7] The length-to-diameter ratio is a

main parameter representing the performance of the extruder, and it is the

main factor that determines the volume capacity of the screw. ; The aspect

ratio also affects the rate of heat transfer from the barrel wall to the material,

thereby affecting the ratio of shear heat, energy input, and power to extrusion

volume. Increasing the length-to-diameter ratio of the screw can improve the
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temperature distribution of the material, make the mixing and plasticization

of the material more uniform, and increase the extrusion output. Large screws

are highly adaptable and suitable for the extrusion of a variety of materials.

However, heat-sensitive plastics that are too large will decompose due to too

long heating time. Too small is detrimental to the mixing and plasticization of

materials, especially the mixing effect is poor; but the screw length to

diameter ratio is too large, it will make the screw processing and assembly

difficult, the power consumption will also increase, and increase the bending

of the cantilever end. As a result, the unevenness of the gap between the

screw head and the barrel wall may even cause the barrel wall to be scraped

and reduce the life of the screw and barrel. Considering the properties of

wood-plastic materials, mixing and plasticizing quality, production capacity,

economic benefits, and manufacturing costs, this testing machine chooses

L/D=25:1 on the premise that the screw diameter is D=20mm.
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2.2. Description of the general technical solutions for production

Table 2.4.Norms of technological mode

No

Naming the stage of

the process

(technological

object) the

measurement of the

parameter

The name of

parameter

being

monitred or

regulated

Technical system

specifications and

allowable deviations.

1 2 3 4

1
Zone 1 T1 185℃-195℃

2
Zone 2 T2 180℃

3
Zone 3 T3 180℃

4 Zone 4 T4 170℃-180℃

5 Zone 5 T5 190℃-210℃

6 Exit from the zone 1 Pressure 0.4mPa-0.6mPa
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Continuation of table2.4

2.2.1 The production of disposable medical droppers.

The raw materials used to produce disposable medical droppers are

stored in the warehouse in granular form. The pellets from the bag are

filled into the container and then transported to the extruder. In the

process of backfilling raw materials, the container is completely free from

dust and foreign objects.

2.2.2. Printing.

After cooling, the cylinder is transported to the printing press for

calibration, and the plunger is transported to the assembly line. The

rollers are placed on a feed conveyor belt, which transfers them to the

rollers of the printing equipment, and then uses calibrated iron roller

scales to apply them to the surface of the rollers.

7 Cooling zone T6

T61 20℃-25℃

T62 18℃-20℃

8 Screw speed
nmin~nmax/

(r/min)
20-60

9
L/D

/ 25:1
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2.2.3. Separate blister packaging.

After the assembly is completed, the finished syringe is folded into a

polymer film blister package suitable for thermoforming and a breathable

paper that completely prevents the penetration of bacteria. The

refrigerator and paper roll form are installed on the packaging machine.

During the packaging process, the syringe is automatically placed in

a porous container, covered with an insert, and then packaged and

sterilized. After thermoforming and sealing the package, the printer

writes all necessary data (manufacturing date, syringe size, expiration

date, etc.) on paper. Then take the finished product out of the sterile room

because it is completely sealed.[8]

After that, put the syringe into a box with information printed on it:

manufacturing date, batch number, expiration date, etc. Put the inner box

into a box for transportation, which also contains all the necessary data,

and then transport it to the disinfection area.

2.2.4. Disinfection.

The syringe packed in the transport box is transported to the

sterilization room. The sterilization process is performed by filling the

chamber with ethylene oxide gas. After the disposable medical dropper is

installed in the sterilization chamber, the door is closed and sealed. Then

the steam enters the sterilization chamber for one hour to maintain the

required humidity of 60-80% and temperature of 40-50°C. Thereafter, the
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required humidity and volume of ethylene oxide gas pass through the

evaporator. After filling the chamber with the required amount of gas,

close the supply pipe of the chamber and start the 6-hour holding process.

The remaining vacuum in the chamber provides a complete door

lock. In the process of maintaining the vacuum, the pressure increased

slightly. Thereafter, the chamber was evacuated again to 0.05 MPa using

a vacuum pump, and the main volume of ethylene oxide was removed.

Fresh air enters the chamber through the filter. When the required

pressure level is reached, the residual gas is discharged from the chamber.

This process is repeated twice. In the third stage, fresh air is supplied to

the chamber until the pressure returns to normal.

2.2.5.Sign

The following signs should be on the single package.

Text description of the contents, including the words "only gravity

infusion"; graphical symbols to indicate that the infusion set is sterile; no

heat source; the infusion set is for one-time use only, or equivalent

instructions; instructions for use, including checking the integrity of the

package seal and related protection Warning of the falling off of the

sleeve; the expiration date (must be clearly identified); the name and

address of the manufacturer and/or distributor; 20 or 60 drops of distilled

water from the dropper is equivalent to 1mL ±0∙1mL (1g ± 0.1g)

instructions; if it is equipped with intravenous needles, the specifications
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should be indicated.

The middle package should have at least the following information

text explaining the contents, including the words "only gravity infusion";

the number of infusion sets; the sterility of the infusion sets should be

marked with graphic symbols; the date of expiration; the name of the

manufacturer and or distributor And address.

2.2.6 Packaging

The infusion set and/or air intake device should be packaged in a

single piece to keep it sterile during the storage period; the packaging and

sterilization of the infusion set and/or air intake device should be so that it

does not collapse during standby or discount; there should be no visible

foreign objects in the single package.
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SECTION 3.ANALYSIS OF TECHNICAL PROCESS

AUTOMATION OBJECTS

3.1 Extrusion

3.1.1Technology description

Plastic extrusion is a high-volume manufacturing process in which

raw plastic is melted and formed into a continuous profile. Extruded

products include pipes, sealing strips, fences, deck railings, window

frames, plastic films thermoplastic coatings and wire insulation.

The process first sends plastic materials (granules, granules, flakes

or powder) from the hopper into the extruder barrel. The material

gradually melts through the mechanical energy generated by the rotating

screw and heaters arranged along the barrel. The molten polymer is then

pressed into a mold, which shapes the polymer into a shape that hardens

during cooling.

In plastic extrusion, the raw composite material is usually in the

form of pellets (beads, usually called resin), which enter the barrel of the

extruder by gravity from a hopper mounted on the top. Additives such as

colorants and UV inhibitors (in liquid or granular form) are often used

and can be mixed into the resin before reaching the hopper. From an

extruder technology point of view, this process has a lot in common with
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plastic injection molding, although it is different in that it is usually a

continuous process. Although pultrusion can provide many similar

continuous-length profiles, reinforcement is usually added, which is

achieved by pulling the finished product out of the die instead of

extruding the polymer melt through the die.

The material enters through the feed throat (the opening near the

back of the barrel) and comes into contact with the screw. The rotating

screw (usually rotating at a speed of, for example, 120 rpm) forces the

plastic beads forward into the heated barrel. Due to viscous heating and

other influences, the required extrusion temperature is rarely equal to the

set temperature of the barrel. In most processes, a heating curve is set for

the barrel, where three or more independent PID control heating zones

gradually increase the temperature of the barrel from the rear (where the

plastic enters) to the front. This allows the plastic beads to gradually melt

as they are pushed through the barrel and reduces the risk of overheating

that can cause polymer degradation.

The strong pressure and friction occurring inside the barrel will

generate additional heat. In fact, if the extrusion line runs some materials

fast enough, the heater can be turned off, and the melt temperature is only

maintained by the pressure and friction inside the barrel. In most

extruders, if too much heat is generated, there is a cooling fan to keep the

temperature below the set value. If forced air cooling proves to be
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insufficient, a cast cooling jacket is used.

At the front of the barrel, the molten plastic leaves the screw and

passes through the screen to remove any contaminants in the melt. Since

the pressure at this time may exceed 5,000 psi (34 MPa), the screen is

reinforced by a crushing plate (a thick metal disc with many holes drilled

in it). The screen set/crushing plate assembly is also used to generate

back pressure in the barrel. The uniform melting and proper mixing of the

polymer requires back pressure, and the resulting pressure can be "tuned"

by changing the composition of the screen combination (number of

screens, wire mesh weave size, and other parameters). This combination

of crushing plate and screen also eliminates the "rotational memory" of

molten plastic, but produces "longitudinal memory".

The molten plastic enters the mold after passing through the broken

plate. The mold gives the final product its contour, and must be designed

so that the molten plastic flows uniformly from the cylindrical contour to

the contour shape of the product. Uneven flow at this stage will produce

products with unwanted residual stresses at certain points in the profile,

which can cause warpage on cooling. Many shapes can be created,

limited to continuous contours.

The product must now be cooled, which is usually achieved by

drawing the extrudate through a water bath. Plastic is a very good thermal

insulator, so it is difficult to cool down quickly. Compared with steel,
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plastic conducts heat 2,000 times slower. In the pipe or pipe extrusion

line, the sealed water bath uses a carefully controlled vacuum to prevent

the newly formed and still molten pipe or pipe from collapsing. For

products such as plastic film, cooling is achieved by pulling a set of

cooling rollers. For films and very thin sheets, air cooling can be effective

as an initial cooling stage, such as in blown film extrusion.

Plastic extruders are also widely used to reprocess recycled plastic

waste or other raw materials after cleaning, sorting and/or mixing. This

material is usually extruded into filaments suitable for shredding into

beads or pellets for use as a precursor for further processing.

Figure 3.1.Cross-section of a plastic extruder to show the screw
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3.1.2 Screw design

There are five possible zones in a thermoplastic screw. Since

industry terminology is not standardized, different names may refer to

these areas. Different types of polymers will have different screw designs,

and some do not contain all possible areas.

Most screws have the following three areas:

Feeding zone (also called solid conveying zone): This zone feeds the

resin into the extruder, and the channel depth in the entire zone is usually

the same.

Melting zone (also called transition zone or compression zone):

Most of the polymer melts in this part, and the depth of the channel

gradually decreases.

Metering zone (also called melt delivery zone): This zone melts the

final particles and mixes them to a uniform temperature and composition.

Like the feed zone, the channel depth in the entire zone is constant.

In addition, the exhaust type (two-stage) screw has:

Decompression zone. In this area, about two-thirds below the screw,

the channel suddenly becomes deeper, releasing the pressure and

allowing any remaining gas (moisture, air, solvent or reactants) to be

pumped out through the vacuum.
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A simple plastic extrusion screw

The second measurement area. This area is similar to the first

metering area, but has a greater channel depth. It is used to repressurize

the melt to pass the resistance of the screen and mold.

The length of the screw is usually referred to its diameter and is

called the L:D ratio. For example, a screw with a diameter of 6 inches

(150 mm) is 144 inches (12 feet) long at 24:1 and 192 inches (16 feet) at

32:1. An L:D ratio of 25:1 is common, but some machines reach 40:1 for

more mixing and more output with the same screw diameter. The

two-stage (exhaust) screw is usually 36:1 to account for two additional

areas.

Each zone is equipped with one or more thermocouples or RTDs in

the cylinder wall for temperature control. "Temperature profile", that is,

the temperature of each zone is very important to the quality and

characteristics of the final extrudate.
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Table 3.1.Norms of technological mode

No

Naming the stage of

the process

(technological

object) the

measurement of the

parameter

The name of

parameter

being

monitred or

regulated

Technical system

specifications and

allowable deviations.

1 2 3 4

1
Zone 1 T1 185℃-195℃

2
Zone 2 T2 180℃

3 Zone 3 T3 180℃

4 Zone 4 T4 170℃-180℃

5 Zone 5 T5 190℃-210℃

6 Exit from the zone 1 Pressure 0.4mPa-0.6mPa

7 Cooling zone T6
T61 20℃-25℃

T62 18℃-20℃
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Continuation of table 3.1

3.2 Typical extrusion material

HDPE pipe during extrusion. The HDPE material comes from the

heater, enters the mold, and then enters the cooling tank. This Acu-Power

catheter is co-extruded-black lined with a thin orange sheath for the

designated power cord.

Typical plastic materials used for extrusion include but are not

limited to: polyethylene (PE), polypropylene, acetal, acrylic, nylon

(polyamide), polystyrene, polyvinyl chloride (PVC), acrylonitrile

butadiene Styrene (ABS) and polycarbonate.

1 2 3 4

8
Speed of extraction

pipe
V

0.0310 m/min-

0,333m/min
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3.3 Mold types

3.3.1 Blown film extrusion

Use blown film production lines to produce plastic films for

shopping bags and continuous sheets.

The process is the same as the conventional extrusion process up to

the die. Three main types of molds are used in this process: ring (or

crosshead), star and spiral. The ring die is the simplest. Before leaving the

die, it relies on polymer melt channels surrounding the entire

cross-section of the die; this can lead to uneven flow. The spider mold

consists of a central mandrel that is connected to the outer mold ring by

multiple "legs"; although the flow is more symmetrical than the ring mold,

it produces many weld lines and weakens the film. The spiral mold

eliminates the problems of weld lines and asymmetric flow, but it is by

far the most complicated.

The melt is slightly cooled before leaving the mold to produce a

weak semi-solid tube. The diameter of the tube is rapidly expanded by air

pressure, and the tube is pulled up by rollers, stretching the plastic in the

lateral and drawing directions. Stretching and blow molding make the

film thinner than the extruded tube, and also preferentially align the

polymer molecular chains in the direction where the maximum plastic

strain is seen. If the film is stretched more than blow molding (the final
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tube diameter is close to the extruded diameter) , The polymer molecules

will be highly aligned with the stretching direction, thereby forming a

film that is strong in this direction but weak in the transverse direction. A

film with a diameter significantly larger than the extruded diameter will

have higher strength in the transverse direction, but stronger in the stretch

direction. Low.

For polyethylene and other semi-crystalline polymers, when the film

cools, it crystallizes at the so-called frost line. As the film continues to

cool, it will be flattened into a flat tube by several sets of nip rollers,

which can then be wound or cut into two or more rolls of sheet material.

3.3.2 Sheet/film extrusion

Sheet/film extrusion is used to extrude plastic sheets or films that are

too thick to be blown. There are two types of molds used: T-shaped

molds and hanger molds. The purpose of these dies is to redirect and

direct the polymer melt from a single circular output flow of the extruder

to a thin, flat plane flow. In these two mold types, it is ensured that a

constant and uniform flow is maintained throughout the cross-sectional

area of ​ ​ the mold. Cooling is usually done by a set of cooling rolls

(calendering or "cooling" rolls). In sheet extrusion, these rollers not only

provide the necessary cooling, but also determine the thickness and

surface texture of the sheet.Coextrusion is usually used to apply one or

more layers on top of the substrate to obtain specific properties such as
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UV absorption, texture, resistance to oxygen permeability or energy

reflection.

A common post-extrusion process for plastic sheets is

thermoforming, in which the sheet is heated until it becomes soft (plastic)

and then molded into a new shape through a mold. When vacuum is used,

this is often described as vacuum forming. Orientation (that is, the

ability/usable density of the sheet to be drawn onto the mold, the depth of

which can usually vary from 1 to 36 inches) is very important and greatly

affects the molding cycle time of most plastics.

3.3.3Tubing squeeze

Extruded pipes, such as PVC pipes, are manufactured using molds

very similar to those used in blown film extrusion. Positive pressure can

be applied to the inner cavity through a pin, or negative pressure can be

applied to the outer diameter using a vacuum sizing instrument to ensure

the correct final size. Additional cavities or holes can be introduced by

adding appropriate internal mandrels to the mold.

Multilayer pipe applications have also always existed in the

automotive industry, plumbing and heating industries, and packaging

industries.

3.3.4 Outer sheath extrusion

Outer sheath extrusion allows the plastic outer layer to be applied to

existing wires or cables. This is a typical process for insulating wires.
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There are two different types of molds used for wire coating, pipe

(or sheath) and pressure. In the sheath mold, the polymer melt does not

touch the inner wire until the die lip. In the pressure mold, the melt is in

contact with the inner wire long before it reaches the die lip; this is done

under high pressure to ensure good adhesion of the melt. If close contact

or bonding between the new layer and the existing line is required, use a

pressure tool. If bonding is not needed/needed, use a jacket tool instead.

3.3.5 Co-extrusion

Coextrusion is the simultaneous extrusion of multiple layers of

materials. This type of extrusion uses two or more extruders to melt and

deliver a stable volumetric throughput of different viscous plastics to a

single extrusion head (die) that will extrude the material in the desired

form. This technology can be used in any of the above processes (blown

film, sheath, pipe, sheet). The layer thickness is controlled by the relative

speed and size of each extruder conveying the material.

In many practical scenarios, a single polymer cannot meet all the

requirements of the application. Co-extrusion allows the extrusion of

mixed materials, but co-extrusion retains the individual materials as

different layers in the extruded product, allowing proper placement of

materials with different characteristics, such as oxygen permeability,

strength, stiffness, and abrasion resistance.



63

3.3.6 Extrusion coating

Extrusion coating is the use of blown or cast film processes to apply

additional layers to existing paper, foil or film rolls. For example, the

process can be used to improve the properties of paper by coating the

paper with polyethylene to make it more water resistant. The extruded

layer can also be used as an adhesive to bond the other two materials

together. Tetrapak is a commercial example of this process.

3.3.7 Compound extrusion

Co-extrusion is a process in which one or more polymers are mixed

with additives to obtain a plastic compound. The feed can be pellets,

powders and/or liquids, but the products are usually in pellet form for use

in other plastic molding processes such as extrusion and injection

molding. As with traditional extrusion, there is a wide range of machine

sizes depending on the application and required output. Although

single-screw or twin-screw extruders can be used for traditional extrusion,

the necessity of adequate mixing in compound extrusion makes

twin-screw extruders almost mandatory.
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3.4 Introduction of several types of extruders

3.4.1 Parallel twin screw extruder

Product introduction: The barrel and screw adopt a "building block"

structure, and the fully meshing screw has strong self-cleaning. It can be

combined and arranged according to the user's process requirements for

various materials, with interchangeability, wide adaptability, and good

mixing, plasticizing and exhaust effects. The barrel material can be

38CrMoALA, nitriding treatment according to the processing material; or

alloy bushing, which has good wear resistance. The barrel adopts cast

aluminum heater and water cooling. Adopt DC motor, SCR governor or

British Euro 590 governor; or AC motor variable frequency governor.

3.4.2 SJ series new high-efficiency single screw extruder

The two-stage overall design strengthens the plasticizing function

and ensures high-speed and high-performance extrusion. Special barrier

and BM type comprehensive mixing design ensure the mixing effect of

materials. High-shear and low-melting plasticizing temperature ensure

high-performance extrusion of materials.

3.4.3 SJZ Series Conical Twin Screw Plastic Extruder

SJZ series conical twin-screw plastic extruder is an efficient mixing

and extrusion equipment. It has the advantages of low shear rate, difficult

decomposition of materials, uniform plasticization and mixing, high
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output, excellent quality, good self-cleaning, wide application range, and

long service life. The PVC powder is directly formed, and the effect is

good. It adopts automatic temperature control, vacuum exhaust,

oil-cooled screw core, and air-cooled or oil-cooled barrel cooling. The

main motor and the feeding motor can adopt AC frequency conversion

speed regulation system or DC speed regulation system respectively. This

machine has a wide range of uses. Equipped with corresponding screws,

heads, and auxiliary machines, various thermoplastics, thermosetting

plastics and modified plastics can be directly extruded from powder state

into tube, plate, rod, film, hollow, and special-shaped cross-sections.

Plastic products such as profiles. SJSZ series conical twin-screw extruder,

equipped with corresponding screws and auxiliary machines, can directly

extrude various thermoplastics, especially hard polyvinyl chloride powder,

into tubes, plates, sheets, films and special-shaped materials, etc. It can

complete the modification of various plastics and the process of powder

granulation. This machine adopts DC motor, SCR stepless speed

regulation, overload protection and fault alarm, screw core oil circulation

constant temperature, barrel oil cooling, and is equipped with a vacuum

exhaust pipe device and a quantitative feeding device.
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SECTION 4. OCCUPATION HEALTH AND SAFETY

As can be seen from the technological part of the project, harmful,

dangerous, flammable, explosive substances and materials are in

circulation at the facility, the use of mechanical, thermal energy,

compressed air energy and chemical reaction is envisaged. The designed

shop will be provided with compressed air by the compressor station

planned in the project of plant. The use of pneumatic transport is

provided.

The project was implemented taking into account the requirements

of labor protection.

This section, based on the analysis of harmful and dangerous factors

of production in the shop, which is designed, provides measures aimed at

creation of healthy and safe working conditions and fire safety in the

shop.

4.1 Detection and analysis of harmful hazardous production factors

at the project site. Occupational safety measures.

4.1.1 Work area air

According to LTO 3.3.6.042-99 works performed on site belong to

the category of medium severity IIa. Norms of a microclimate of a
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working zone of shop are presented in tab. 4.1.

Table 4.1 - Sanitary norms of microclimate parameters in the factory

Period

of the year

Temperature,

0С

Relative

humidity,%

Air velocity,

m / s
O
pt
im
al

A
ct
ua
l

O
pt
im
al

A
ct
ua
l

O
pt
im
al

A
ct
ua
l

Cold 21-23 21 40-60 60 0.1 0.1

Warm 22-24 22 40-60 60 0.1 0.1

Control of microclimate parameters in the cold and warm period of

the year carried out at least 3 times per shift (at the beginning, middle,

end).

The control devices provided by the project: thermometer,

psychometer,anemometer.

In order to normalize the air of the working area, the following

measures are provided:

- mechanization and automation of heavy and labor-intensive work,

execution which is accompanied by excess heat formation in the human

body;

- remote control of heat radiating processes and devices, which

eliminates the need for the employee to be in the area infrared radiation;
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- sealing of technological equipment;

- removal of harmful fumes due to local ventilation;

- air conditioning;

- use of personal protective equipment (protective overalls, glasses,

bathrobe, rubber gloves);

- rational placement and thermal insulation of equipment,

devices,communications and other heat emitting sources.

According to the method of air exchange is used general ventilation

(air change occurs throughout the volume premises) with supply and

exhaust air supply. As possible sudden emissions into the air of the

working area of large quantities of harmful or explosive substances, we

have provided emergency equipment ventilation.

The main indicator of the ventilation system is the multiplicity air

exchange K:

K = L
V = 50000/12000 = 4.167

where L is the performance of the ventilation system, m3/year;

V-volume the room served by the system, m3;

The shop provides a system of microclimate control using the

following devices: psychrometers, alcohol thermometers and

anemometers to determine air velocity once every three months.
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4.1.2 Industrial lighting

According to DBN B 2.5-28: 2018, the work performed on the site

belongs to the V category of visual work. The use of combined natural

(top lighting is combined with side) and combined artificial (general and

local lighting of workplaces) lamps) and combined lighting. The use of

special lamps such as PVL-1, PVL-6 (dustproof), which are designed for

general lighting of production facilities with high dust and moisture

content (relative humidity more than 75%). Fluorescent lamps are used in

local lighting fixtures.

A system of general uniform lighting has been adopted in the

production premises. Norms of lighting parameters are given in table. 4.2

Table 4.2 - Sanitary norms of lighting parameters of the shop.

W
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IVа - 100 3

In hazardous areas associated with an increased risk of injury in the

event of an emergency shutdown, an emergency lighting system is

provided, as well as emergency lighting, the luminaires are connected to
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an independent power supply, and the serviceability is checked once a

quarter. Control of illumination in the workplace is carried out with the

helpYu-116 lux meters at least once a quarter (or on demand) in all

production facilities.

At this enterprise, according to SN 181-70, it is provided painting

walls and ceilings in light tones with relatively low saturation and high

reflection coefficient; to apply warm tones, it is necessary to observe

contrasts between warm and cold tones (as walls are painted in warm

tones, the equipment is painted in cold).

4.1.3. Production noise and vibration

The source of noise on the line for the production of syringes are

injection molding machines, polymer transport systems, fans.

Permissible sound levels are 80 dBA at idle workplaces and on the

territory of the enterprise.

Sources of vibration at the factory are fans, pumps.

Permissible level of vibration in the workplace:

- for 1 degree of harmfulness up to 3 dB;

- for 2-3 degrees - 1-6 dB;

- for 3 - more than 6 dB.

The services of the Department of Labor Protection provide for

periodic measurements of industrial noise, vibration at workplaces, which

are measured using devices VSHV-2, VSHV-2p, noise and vibration
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meters.

Significant attenuation of noise is provided by high-quality

installation of separate knots of cars and timely carrying out of planned

preventive maintenance.

To reduce the noise on the way of its distribution, the lining of part

of the inner surfaces with sound-absorbing materials (polyfoam) is

provided, as well as the placement of artificial absorbers in the room. In

this project the casing and the acoustic screen are accepted.

Vibration isolation is carried out by installation of sources of

vibration on vibration isolators, and, and also flexible inserts in

communications of air ducts.

Rubber, spring, combined vibration isolators are used. To reduce the

vibration of the covers. Fences and other parts made of steel sheets,

which often oscillate in resonant mode,apply vibration absorption. It is

achieved by applying to the vibrating surface materials that have high

internal friction (rubber, plastics, vibration-absorbing lubricants) and

dissipating the energy of vibrations. It is essential the amplitude of the

frequency of propagating oscillations decreases, especially at resonant

modes.

To protect against vibration, we provide for the use of vibration

isolation (stationary equipment is mounted on vibration-insulating

supports - springs and gaskets), as well as personal protective equipment -
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gloves, special suits and shoes. Workshop workers working with vibration

sources undergo medical examinations before starting work and

periodically, at least 1once a year. The level of noise and vibration is

controlled by means of the noise meter VSHV-003, the level of sound

SHUM-1M monthly, electric vibration measuring devices are widely used

for measurement of vibrations.

4.1.4. Electrical safety

This production room belongs to the premises with increased safety,

because it contains substances with high chemical activity. The project

adopted the power supply of electrical equipment from three-phase of a

four-wire network of alternating current of industrial frequency with the

grounded neutral voltage 380/220 V.

The main causes of electric shock are:

- contact with open current-carrying parts during operation;

- the appearance of voltage on the metal parts of electrical

equipment as a result of damage to the insulation of current-carrying

parts;

- short circuit between disconnected and live parts;

- occurrence of step voltage;

Single-phase contact occurs more often than two-phase, but it is less

dangerous because the voltage at which a person finds himself does not

exceed the phase.
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Safety of operation of electrical equipment is achieved by a system

of organizational and technical measures and tools.

Organizational activities: organization of instruction and training in

safe work methods, testing of knowledge of safety rules and instructions.

To ensure electrical safety, the following technical measures are used

separately or in combination with each other: insulation of live parts;

zeroing; disconnection of installation from a current source, removal of

safety locks and other measures to ensure the impossibility of erroneous

supply of voltage to the workplace; installation of danger signs and

current-carrying fencing live parts; and also, electroprotective means -

rubber carpets, dielectric gloves, insulating ladders, insulating handles

tool. So, during performance of work the equipment with grounding of

the I class is used, that is grounding occurs automatically at plug plug in.

4.1.5 Safety of technological processes and maintenance

equipment

The most dangerous process in the projected production is the

movement of the mold and the movement of the auger, the worm machine.

And the processes of transportation and melting of components, as well

as sterilization.

The main reasons for creating emergencies can be:

- violation of the composition of the source components;

- cracks in the reaction equipment, which can lead to leakage of
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toxic reagents;

- damage to pumps;

- Failure of process equipment may stop mixing；

- getting foreign objects into the faucet；

- failure of automation means can lead to a change in the safe course

of the technological process, namely: it can get out of control of setting

the temperature and speed modes.

To ensure the safety of the process, the following measures are

provided:

- complex automation and mechanization of production;

- application of remote control of technological processes, directly

on the production line;

- elimination of direct contact of workers with harmful substances;

- thermal insulation of equipment;

- application of means of collective protection of workers;

- protective fences;

- means of signaling, protective blocking, signal coloring of

production equipment and its components, warning inscriptions.

Safety of production equipment is provided:

- using automation, mechanization and remote control;

- application in the design of means of protection and emergency

system of production;
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- introduction of a continuous mode of operation of the equipment;

-inclusion of safety requirements in the technical documentation for

installation, operation, repair and storage of equipment.

4.2. Fire Security

Possible causes of fires can be: hot or heated walls of devices and

equipment, sparks of electrical equipment, static electricity, sparks of

shocks and friction of machine parts and equipment, depressurization of

equipment, short circuit. In the storehouse of flammable substances, the

cause of ignition may be a spark when turning on electrical appliances.

Means of protection used at the enterprise: passive (safety devices),

active (suppression of explosion by introduction of fire extinguishing

agent; creation of an inert zone in pipelines and the next devices;

blocking of the device in which there was an explosion; automatic stop of

work of the equipment).

According to the degree of fire resistance, industrial buildings

belong to 1 group. The following fire-fighting measures are provided in

the production building and on the territory of the designed plant:

- There are five exits in the production building provide evacuation

of people in case of fire;

- around the production buildings - passages;
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- hydrants are installed every 5.0-7.5 m along the external water

supply circuit;

- internal fire water supply is provided;

- on the outside of the building it is planned to install two fire

escapes.

To extinguish the fire there is a stationary fire extinguishing system

with multiple air-mechanical foam, a water supply network mounted in

the form of risers. There are carbon dioxide and powder fire extinguishers

at the polling stations.

The building is protected from direct lightning strikes (according to

CH 305-77) by means of a vertical-rod lightning rod, consisting of a

lightning receiver, grounding conductor and antenna-type conductor.[9]

4.2.1. Facility hazard analysis

During production operations, use flammable and explosive organic

volatile solvents, and have insufficient or unclear understanding of the

physical and chemical properties and hazards of flammable and explosive

organic solvents, and cannot be used and operated correctly and safely;

buildings, equipment and production processes fail to comply with fire

prevention regulations for construction, installation and operation:

ignoring the prevention of fire hazards that may cause static electricity,

lightning strikes, etc.; equipment lacks normal maintenance; management

personnel, technical personnel, and production operators lack due fire
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safety knowledge training; etc. Causes of improper operation may cause

an explosion.

In the event of a fire, the following action plan should be followed:

give a fire alarm - siren; call the fire brigade by phone "101"; start

firefighting by all means at hand - fire extinguisher, sand, water; organize

the transfer to a safe place of combustible materials (defoamer, wetting

agent), immediately notify the engineer of the fire.

During the experimental part of the research work, the following

emergencies may arise:

- ignition of devices, decoration of premises, materials, substances;

- short circuit of electrical equipment;

- depressurization of equipment.

If a fire still occurs, you must:

- immediately start its localization and elimination, using fire

extinguishers (sand, powders and other fire extinguishers);

- immediately switch off the ventilation system, burners and heaters;

- urgently remove from the room containers with flammable and

combustible substances.

In case of breakage of the thermometer, the spilled mercury must be

collected, stored under a layer of water and disposed of. Treat the spill

with FeCl3 solution.

Estimation of reliability of protection of workers of object with use
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of protective constructions on capacity and on protective properties.

Table 4.3 - Characteristics of protective structures of the chemical

plant

Ty
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Sluice
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1 20 15 5 10 2.8 +

Availability of main and auxiliary premises:

Storage 1 meets the standards.

Estimated capacity of protective structures by area:

One person has an area of 0.5 m2 with a room height of 2.8 m.

�1 = 20−2
0.5

= 36 �

where 2 m2 is allocated for bathrooms.

Estimated capacity by volume of premises:

There is a capacity of 1.5 m3 per person

�0 = ((��� + ��) ∙ ℎ)/1.5 = ((62 + 5 + 15 + 10) ∙ 2.8)/1.5

= 171 �.

Capacity factor:

�� = �/� = 36/20 = 1.8

where N is the number of employees of the largest shift
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Determine the required number of bunk beds in rooms for people

Н = М/5 = 20/5 = 4 �

Conclusion:

Kc > 1, ie protective structures allow you to accommodate all

employees of the largest shift. There is a need to buy 3 bunk beds for

protective structures.

Initial data for the assessment of the protective properties of the

structure:

- distance of the object from the aiming point Rr = 2.5 km.

- expected nuclear ammunition capacity q = 200 kt.

- type of explosion - ground.

- the probable maximum deviation of the center of the explosion of

ammunition from the aiming point rdev = 0.5 km.

- average wind speed Vav = 100 km / h.

- the direction of the average wind - towards the object.

- structures of protective constructions are designed for excessive

pressure: storage № 1 ΔРf prot = 200 kPa.

- storage radiation attenuation coefficient № 12 Krad.att= 1000.

Determine the required protective properties of buildings:

a) to protect against shock waves:

Rmin = Rr - rdev = 2.5 - 0.5 = 2 km

By the value of Rmin = 2 km, the ammunition capacity q = 200 km in
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a ground explosion is determined by ΔPf max:

ΔPf max = ΔPf nec = 60 kPa

b) to protect against radioactive contamination:

Кatt. nec is calculated by the formula:

К(���. ���) = �(�.�)/���� = (5 ∙ Р1���( ��
(−0.2) − ��

(−0.2)))/50

�� = ����/�(�.�.) + 1 = 2/100 + 1 = 1 ℎ.

�� = �� + 96 = 1 + 96 = 97 ℎ.

P1max is the maximum level of radiation expected at the object, 1 h

after the explosion, if q = 200 kt, Rmin = 2 km, Va.v= 100 km / h,

P1max = 10880 P / h,

then,

К(���. ���) = (5 ∙ 10880( 1�
(−0.2) − 97�

(−0.2)))/50 = 947.2

Determine the available protective properties of protective

structures:

a) from the shock wave according to the original data:

ΔPf. pr= 190 kPa

b) from radioactive contamination: according to the initial data

Katt.= 900.

We compare the protective properties of protective structures with

the required:

a) by the shock wave: for the storage №1 ΔPf. pr> ΔPf. req

b) by ionizing radiation: for storage №1 ΔPf. pr > ΔPf. Req
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SECTION 5. ENTREPRENEURSHIP AND STARTUP PROJECTS

Substantiation of chemical technology will begin with the

development of a structural technological scheme that embodies the

production processes of a given product of a given quantity and quality

and the formation of its minimum cost, value and price. Its development

should be based on certain technical and economic indicators, which are

largely determined by technology selected methods of synthesis of

substances or production of certain products.

5.1 Systematization of Entrepreneurial Development Materials

Extrusion production of medical disposable dropper.

Table 5.1 - The main composition per 1000 g of the composition

Component
Raw

material

Price

UAH/kg
Amount

The cost per 1 kg

of the

composition/UAH

1 2 3 4 5

Polymer PVC 44.60 500 22.3

Secondary

plasticizer
ESBO 159.6 50 7.98
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Continuation of table 5.1

The purpose of the startup - is to obtain a PVC composition, which

is environmentally friendly, has higher heat resistance and a shiny and

smooth surface.[10]

Table 5.2 Summary of the startup project

Index Characteristic

1 2

1. The essence of the idea
Production of medical droppers of

plasticized PVC by extrusion

2. NACE, to which it can

belong to this production

22.21 Manufacture of plastic plates,

sheets, pipes and profiles

3. Expected startup capacity Small business

4. By the scale of production Massive

5. By the level of specialization, Narrow-profile

6. Governing bodies in the

implementation of a startup

National, international, offshore,

transnational

1 2 3 4 5

Primary

plasticizer
DINP 63.2 440 27.808

Heat stabilizer Ca/Zn 55 10 0.55
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Continuation of table 5.2

1 2

7. By the number of personnel Small

8.Place of the idea in the value

chain of the innovation process
Production

9.The marginal utility of a startup

idea

Plastic production that meets the needs of

legal entities and individuals

10. Business model of the startup Classic

11. Consumers Medical institutions

12. Consumers at the stage of

development
Medical institutions

13. Consumers at the stage of

maturity
Medical institutions

14. Competitive price for a

startup product
12 UAH

15. The planned level of

profitability when selling the

product

35.6％

16. Methods for promoting

development results to the

market

Personal selling, advertising
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Table5.3 Implementation of the business flow chart of the start-up project

Implementatio

n of the idea

project

Business Process

Characteristics

Resources

Estimated

duration of

the process

Financial cost

ceiling

1 2 3 4 5

Developing

the idea of a

start up

Development of

a recovery

device

2 oz,

computer

laboratory

30 days 10000 UAH

Development of

packaging

design

1 oz,

computer
3 days 2000 UAH

Search for ideas

and ways

1 oz,

computer
5 days 1000 UAH

Development

instructions

1 oz,

printer
2 days 100 UAH
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Continuation of table 5.3

1 2 3 4 5

Implementatio

n plan

Purchase raw

materials
1 oz, computer 7 days 10000 UAH

Buy equipment 1 oz, computer
14

days
3000 UAH

Room retal 1 oz, computer 1 day 3000 UAH

Creating an

advertising

websie

1 oz, computer 5 days 2000 UAH

Design logistics

routes
1 oz, computer 4 days 1000 UAH

Product

description

Development of

production tech.

2 oz, computer,

production

equipment

7 days 5000 UAH

Install

equipment

2 oz, production

equipment
1 day 200 UAH

Product test

system

2 oz, production

equipment
1 day 200 UAH
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Continuation of table5.3

1 2 3 4 5

Product

description

Test the test

sysytem

2 oz, computer,

production

equipment

2 days 5000 UAH

Implementation

of the test

system

2 oz, computer,

production

equipment

5 days 800 UAH

Scale-up

production

Production of

current batches

2 oz, computer,

production

equipment

7 days 1000 UAH

Scale-up

production

implementation

2 oz, computer,

production

equipment

30

days
1900 UAH

Project sale (if

close project)

Sell raw

materials
1 oz, computer 5 days 1000 UAH

Sell equipment 1 oz, computer 5 days 1200 UAH
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Table 5.4 - System analysis of business processes of a startup

Function

D
ev
el
op
in
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en
gi
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er

La
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er
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an
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no
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st

Eq
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pm

en
to
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ra
to
rs

1 2 3 4 5 6 7

Development of a remedy reject √ √

Search for ideas and ways of advertising

and implementation

√

Development of instructions √

Purchase of raw materials √

Purchase of equipment √

Room rental √

Creating an advertising campaign √

Organization of delivery routes √

Development of production technology √ √

Inclusion of equipment in the

production line

√ √

Production of a test batch √ √

Test batch testing √ √
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Continuation of table5.4

1 2 3 4 5 6 7

Implementation of a test batch √ √

Production of current batches √ √

Product implementation √ √

Equipment for sale √ √

Sale of raw materials √ √

5.2 Analysis of the internal and external environment of the

startup

Table 5.5 - Environmental Impact Assessment[11]

Interested

party

Influence on

project

realization

It's

interesting to the

project

Total coefficient of

influence on the

project

Subjects of the internal environment

Producer 5 5 25

Provider 3 3 9

Consumers 4 10 40
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Continuation of table5.5

Subjects of the environment

Political

structures
3 1 3

Subjects of

the economic

environment

2 4 8

Owners of

Geographic

Objects

3 3 9

Subjects of

demography
5 5 25

Subjects of

the cultural

environment

4 3 12

Subjects of

NTP
6 1 6

Mediators 7 1 7
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Table 5.6 Swot analysis

The inner environment External environment

Strong Opportunities

1. Use of environmentally friendly

stabilizer
1. Creation of a wide assortment

2. More than other strength

characteristics of the profile

2. Creation of profiles with a

different number of cameras

3. High heat resistance 3. Improving the recipe

4. Shiny and smooth surface
4. Search and replacement by

domestic components

Table5.7 Advantages and disadvantages of the internal environment

Benefits Disadvantages

1 2 3

Marketing

Effective channels of

distribution and

promotion;

Price advantages are

almost a monopoly on

the domestic market.

-High costs of image

creation;

-Lack of funds for

advertising,
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Continuation of table5.7

1 2 3

Finances

Availability of income

in hard currency;

High profitability.

-Inflationary

depreciation of

savings;

-unstable financial

condition;

-limited investment

opportunities

Production

Possibility of

expansion

production

capacities; world

level of product

quality;

An efficient system

quality control;

susceptibility to

new developments;

-Large energy

consumption

and material

consumption

products;

-presence of harmful

productions; deficit

funds and expensive

credit;
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It has been determined that the threat is moderate product awareness,

which may result in low sales. Suppliers have the greatest impact on

implementation and the greatest benefits. In addition, consumers have an

important influence on the project.

The Shawnfild method is used in the evaluation of competitiveness.

The quality score of the product is evaluated on a 5-point scale. The

significance coefficient of this indicator is within 0...1.

According to the analysis of this method, the company is

competitive. Its most important advantage is that the price is better than

other similar products, so it will be introduced in the promotional

materials.[12]

Table 5.8 - Assessment of the competitiveness of the company's

products according to the Schonfield method

No. Technical

indicators of the

product

The

coefficient

of

significance

of the

indicator

Estimate of the indicator on a

5-point scale

Dahua Westlake

chemistry

Xingke

1 2 3 4 5 6

1 Price 0.85 3 4 3
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Continuation of table5.8

1 2 3 4 5 6

2 The quality of

the effect

0.73 4 4 5

3 Duration of

the effect

0.66 5 4 3

4 Reliability 0.86 5 4 4

5 Design 0.31 3 4 2

Consequently, the company is competitive. Its most important

advantage is the price with a similar quality, in comparison with other

similar products, which, accordingly, will be covered in promotional

materials.

5.3 Assessment and development evaluation of market

institutions

5.3.1 Market research by questionnaire

One of the important criteria for evaluating the success of an

implementation of a particular development is the preliminary analysis of

the market, which is planned to exit with this product.

In the context of this work, two questionnaires were developed to

determine the place of development in the market introduction system.
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The first is consumer oriented, the second one is for manufacturers of

similar products and / or investors.

5.3.2 Calculation of the price of the innovation offer on the

market

a) calculation of the price by the cost method:

This method is based on the idea of calculating the cost of goods as

the main component of the price. In commodity-money terms, the cost of

production includes all existing costs that are necessary for the production

and sale of goods, which are made at the expense of the enterprise.

However, there are costs that are associated with the production of goods,

but are not included in the cost, because they are financed by profits,

special funds, budget allocations, etc.

To calculate the price by the cost method, it is necessary to sum up

the total costs and regulatory profit.

The cost of the production line is: 880000 UAH, with a service life

of 25 years.

A = 880000/25 = 35200 per year

or 2934 UAH per month.

The cost of materials for the production of 1 kg of profile is: 58.548

UAH / kg. Productivity per year is: 509950kg / year or 42496 kg / month.

From here for 1 month you need material for 2488056 UAH.

The cost of renting a room (500 m2) = 20000UAH / month
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Salary fund = 10000 UAH × 7 × 1.22 = 85400 UAH / month

Cost = 2596390 UAH / month

With a profit of 20% of the cost, the price is:

C = C1 + P = 2596390+ 2596390 ∗ 20% = 3115688 UAH / month

or 73.32 UAH / kg

where C is the unit price of the product, UAH; C1 - unit cost of

goods, UAH; P - the amount of profit that the company wants to get from

the sale of a unit of goods, UAH.

b) calculation of the price by the aggregate method:

This method is that the price is determined by adding prices for

individual structural elements of the product:

C = CE1 + CE2+ ⋯ + CEn= 58.548 UAH / kg

where C is the price;

CE1 - the price of element 1;

CE2 - the price of element 2;

CEn is the price of the element n.

Table 5.9 - Data on price determination by the aggregate method.

c) calculation of the price by the break-even point method:

Component
The cost per kg of the

composition/UAH

Polymer 22.3

Secondary plasticizer 7.98
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Continuation of table 5.9

The method is to determine the price based on the calculation of the

optimal volume of production, which allows to reimburse all the costs of

the enterprise at the expense of gross income, based on the break-even

point.

The cost of the production line is: 880000 UAH, with a service life

of 25 years.

A = 880000/25 = 35200 per year or 2934 UAH per month.

The cost of materials for the production of 1 kg of profile is: 58.548

UAH / kg.

The cost of renting a room (500 m2) = 20000 UAH / month

Salary fund = 10000 UAH × 7 × 1.22 = 85400 UAH / month

Cost without materials = 108334 UAH / month

Productivity per year is: 509950kg / year or 42496 kg / month.

From here for 1 month need material for 2488046 UAH.

Total Cost = 2596390 UAH / month or 61.1 UAH / kg

The minimum productivity (at 20% profit) should be:

Primary plasticizer 27.808

Heat stabilizer 0.55

Sum 58.548 UAH
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Fixed costs + X * (Cost of materials per kg) = (profit per kg) * X

108334+ X *(58.548) =58.548*1.2*X

Where X is the minimum productivity =9251.73kg/ month

Annual profit:

P = C - C1 =(73.32-61.1)*509950=12.22*509950

=6231589 kg/year

Profitability:

P1 = P/S =6231589/（3115688*12）=0.1667 or 16.67％

Investment:

K =880000+240000+1024800+31156680=33301480 UAH

Return on investment period：

T=K/P=33301480/6231589 =5.35 years

The efficiency of the enterprise：

E=P/K=1/T=0.1872 or 18.72％

The lowest price is calculated by the aggregate method, as it takes

into account only the cost of product components and does not take into

account all other possible costs.For further consideration, the price

calculated by this method will not be used, as it is lower than the price

calculated by the break-even point method - the startup will incur losses.

The startup will make a profit with the price calculated by the cost and

parametric method. The price of the parametric method is much higher,
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but focusing on the existing one price level (competitive method), this

tool will be in low demand due to the high price.

The most acceptable is the cost method, according to which the

project will be profitable and the price will correspond to its set of

parameters, which are better than those of indirect analogs. We accept it

for further investigation.

5.4 Risk assessment and development insurance

Table 5.10 - Project risks

Risk The essence of risk Remedies

1 2 3

Technological risk Incorrect storage

conditions

or a manufacturing

defect that can lead to

deterioration of product

properties.

Storage technology

control, control

production

technology;

professional

development of

personnel.
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Continuation of table 5.10

1 2 3

Economic risk Change in taxation -

Technogenic factor Industrial fire safety Creation of a system

of penalties

Political risk Inability to supply

foreign components for

the goods

Search for alternative

suppliers of

components

Information risk Inefficiency of the sales

department, which leads

to low sales

Changing ways and

approaches to selling

goods

The risks that affect the project were considered. This project is

influenced by technological risk, information risk, economic risk,

man-made factor, as well as partly political risk.
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CONCLUSION

The thesis involved the production of disposable medical droppers,

with a productivity of 2,522,800 pieces per year.

Choose PVC as the main production material, calculate the basic

production parameters of the machine, and choose the main production

line.

Calculate the material balance of the raw materials of disposable

medical droppers. Calculate and cover the economic feasibility analysis

of producing disposable medical droppers.

Thesis was performed taking into account the requirements of labor

protection, fire and environmental safety at the research site.
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