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Oz

Biyoteknoloji, biyomedikal ve biyomihendislik gibi arastirma
alanlarinda, sivilarin hassas bir sekilde transferi ve kontroli
temel bir gerekliliktir. Bu amagla ¢esitli pompa ve akiskan
kontrol sistemleri laboratuvarlarda kullaniimaktadir. Biyolojik
sivilarla galigmaya uygunlugu nedeniyle siringa pompalari daha
¢ok tercih edilmektedir. Mevcut ticari siringa pompalar, yiksek
istege bagh
modifikasyonlar yapmanin zor olmasi dezavantajlarina sahiptir.

maliyetleri ve olarak vyaziim veya fiziksel
Arastirmacilar bu nedenle, (¢ boyutlu yazici teknolojisi ve agik
kaynak elektronik imkanlarini kullanarak kendi pompalarini
tasarlayip kullanmaya baslamistir. Gelistirilen bu 6zellestirilmis
pompalarda yaygin olarak dogrusal siriicli ve metal vidah miller
kullanilmaktadir, bu bilesenler pahalidir ve bu yontemle dretilen
cihazlarin agirhig artmaktadir. Ayrica bu ydntemde, milin
hatveleri arasindaki oynama payindan kaynakli olarak geri
tepme hatasi olusabilmekte ve bu da hassasligi etkilemektedir.
Bu calismada, kayis aktarma yontemine dayanan ve metal parca
kullaniminin en aza indirildigi bir t¢ boyutlu siringa pompasi
tasarlanmig; disiik maliyetli ve daha hafif bir siringa pompasi
tasarimi gosterilmistir. Gelistirdigimiz pompa 10 mikrolitrenin
altinda hassashga sahiptir, agirligi 250 gramin altindadir ve
maliyeti dusiiktiir (<41S). Calismamiz sonucunda kisith sartlara
sahip olunan durumlarda, disariya en az bagimlilikla Gg¢ boyutlu
siringa pompasi Gretme hedefine katkida bulunulmustur.

Anahtar Kelimeler: Siringa Pompasi; 3B Baski; Mikroakiskan; Pompa
Tasarimi.
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Abstract

In biotechnology, biomedicine, and bioengineering research,
precise liquid transfer and control are essential. Laboratories
depend on diverse pumps and fluid control systems, with
syringe pumps emerging as a preferred option due to their
compatibility with biological fluids. Due to the high cost and
limited customization options in existing commercial syringe
pumps, researchers have begun designing their own custom
devices, utilizing the expanding 3D printing technology and
open-source electronics. Nevertheless, 3D-printed pumps often
integrate metal components such as lead screws and rods to
create linear drives, leading to heightened costs and increased
overall weight. Furthermore, lead screws can introduce backlash
errors, affecting precision due to play between the threads of
the nut. In this study, a 3D-printed syringe pump design is
introduced based on the belt drive method, with a focus on
minimizing the incorporation of metal components. Not only is
cost reduction achieved by new design, but it also results in a
lighter syringe pump while minimizing backlash errors. A
sensitivity below 10 microliters, a cost of less than $41, and a
weight under 250 grams were achieved by the newly designed
pump. The effort to develop a 3D-printed custom syringe pump,
which reduces reliance on external sources, particularly in
constrained environments, is strengthened by the reduction of
dependency on metal parts and the increased utilization of 3D
printed components.

Keywords: Syringe Pump; 3D- Printing; Microfluidics; Pump Design

1. Introduction

Fluid control is a critical task in many bio-related science
methods, with implications for everything from drug
(Ozer et al. 2022,
Biofluids, which
generally contain complex molecules such as proteins and

discovery to basic research

Kashaninejad and Nguyen 2023).

cells, must be handled gently during transfer. Peristaltic
and syringe pumps (also known as infusion pumps) are
two of the most common types of fluid transfer devices
used in biofluidic systems due to their advantages of low

shear stress and easy sterilization (Lake et al. 2017,
Samokhin 2020, Gucluer 2023).

Syringe pumps are essential tools in biomedical research,
used to deliver precise and controlled doses of fluids in a
wide range of laboratory applications, including
biochemistry, chemistry, agriculture, and bioprocess
studies. The general mechanism of a syringe pump
consists of a linear movement mechanism driven by a

motor, a syringe (plunger, barrel, and needle), and tubes.
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While commercial syringe pumps are readily available,
their typical cost exceeds $100, posing a financial
challenge. Also, they provide limited options for both
mechanical and software modifications, making them less
adaptable to the
experiments. On the flip side, customized syringe pumps

specific needs of specialized

can be designed using basic electromechanical
components, open-source software, and 3D-printed parts
to meet the specific needs of researchers, even in
challenging experimental settings (Juarez et al. 2016,

Booeshaghi et al. 2019, Rogosic et al. 2022).

Additive manufacturing (AM), a transformative digital

production technology, leverages computer-based
modeling to enable the creation and virtual simulation of
engineering designs before their rapid fabrication using
3D printing techniques like selective laser melting (SLM)
and fused filament fabrication (FFF). This technology
unlocks a vast array of material options, empowering the
design and production of application-specific parts and
prototypes with flexibility (Beaman et al. 2020, Ergene
2022, Ergene and Bolat 2022, Bolat et al. 2023, Ergene et

al. 2023).

3D-printed syringe pumps offer several advantages over
commercial counterparts, including lower cost, the ability
to handle a wide range of flow rates, and compatibility
with various biofluids, such as high-viscosity fluids and
composites like clay. They can also operate at controlled
temperatures and deliver unconventional fluids, such as
acidic, corrosive, or highly reactive substances, by
selecting printing materials and adjusting the conditions
around the fluid path (Pusch et al. 2018). Additionally, 3D-
printed syringe pumps can be programmed via any smart
device, such as a smartphone, and controlled using the
Internet of Things (loT) to deliver fluids in complex
patterns, such as combined continuous flow, pulsed flow,
and ramped flow (Klar et al. 2019, Darling and Smith 2021,
Tashman et al. 2022).

In this study, we introduce the design of a cost-effective
3D-printed syringe pump, named 'BD3DSP' (belt-driven
3D syringe pump), which incorporates minimal metal
components. The BD3DSP is designed to be modular,
allowing easy adjustments to accommodate any syringe
size and making it a versatile tool suitable for a broad
spectrum of applications. Considering that the BD3DSP is
predominantly composed of 3D-printed components,
including a 3D-printed linear rail, it can be produced in
such as

environments with constrained resources,

emergency situations, low-budget laboratories, and

remote locations like space and polar research stations.
Moreover, the pump is lightweight, portable, and readily
mountable on various machine hosts, including 3D
printers, 2D plotters, 5-axis robotic arms, or microfluidic
setups, facilitated by its universal connector plate.

2. Materials and Methods

According to a standard definition, a syringe pump
typically comprises a syringe containing the fluid for
transfer, a linear driver responsible for pushing the
syringe plunger into the barrel, and two locking
apparatuses: one for the barrel and the other for the
plunger flange. In line with this concept, we developed a
novel pump that integrates a 3D-printed linear rail, belt
drive, and syringe holder seamlessly within a 3D-printed
plate (base.stl) using Autodesk Inventor 2023 software.
All part names and functions are detailed in Table 1, which
can be accessed on our online

http://github.com/ismailagir/BD3DSP.

repository at

Table 1. Names and functions of 3D printed (STL) parts

Name Function Weight
(8)
Base? Bottom plate for mounting all other 92
parts and the step motor.
Slot? Provides a linear tunnel-like rail for 76
the carrier.
Linear car, The linear rail carrier is where the 11

hal, beltfixer belt end terminations are secured,

with four bearing wheels mounted.

Ctight, Stight Belt tensioning mechanism driven by 9

a screw.

Tower Connects the Splate to the base plate. 7

Splate Bottom plate for securing the syringe 13
components.

Sfront?, Attach the syringe to the Splate. 14

Sbracket?,

Sframe?

3;Components indicated with (3) in Table 1 were designed to be easily
customizable through parametric dimension adjustments. This design
feature enables the replication of the pump to accommodate various
types of syringes in future studies.

In Figure 1, we presented all 3D printed components of
the assembled pump. All components were 3D printed
using Creality Ender 3 Pro and Tough PLA filament (Porima
Inc, Turkey), with specifications detailed in Table 2.

The 3D printing was carried out with parameters set to
100% infill, a layer height of 0.2 mm, and a printing speed
of 60 mm/s at 220°C, as key parameters provided in Table
3.
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Table 2. Properties of the preferred PLA filament.

Property Value

Diameter 1.75 mm

Color RAL 7046

Density 1.22 g/cm3 (1SO 1183)

Tensile strength 50 MPa (ISO 1183)

Elastic modulus 2400 MPa (I1SO 527)
Heat deflection temperature 58°C (ASTM D648)

Glass transition temperature 55-65°C (ASTM D3418)

Figure 1. ) Step motor mounting frame. B) Syringe
plunger fixer over the sliding carriage. C) Linear rail. D) Base
plate. E) Belt tensioner. F) Syringe holder.

Table 3. Key parameters of 3D printing process.

Property Value
Bed temperature 60°C
Nozzle temperature 220°C
Fill pattern Grid
Perimeters at vertical shells 3

Solid layers at horizontal shells 4

Print speed 60 mm/s
First layer speed 30 mm/s
Travel speed 150 mm/s
Support overhang threshold 45°
Support style Grid
Support interface spacing 0.2 mm

2.1. Design of The Base Plate

We designed the base plate to securely hold all the
components in place and to operate the stepper motor.
As depicted in Figure 1-D, the base plate measured 220
mm in length, 60 mm in height, and 50 mm in width, with
a weight of 92 grams. M4-sized holes were incorporated
for the attachment of the belt tensioner and other
components using M4 bolt-screws. Also, we placed 4 mm

holes at the back of the plate, spaced 20 mm center-to-
center, to easily integrate the syringe pump to common
20x20 aluminum profiles for various applications.

2.2. Linear Mechanism

The linear rail, or linear guide, serves the purpose of
enabling smooth and accurate movement along a single
axis. There are two common types of linear mechanism:
lead screws and belt drives, with the key differences
between these two illustrated in Table 4. Belt drives are
commonly used in applications where cost, noise levels,
and maintenance are prioritized, such as pick-and-place
machines and packaging machinery. In contrast, lead
screws are frequently employed in applications where
load capacity is a primary concern, notably in CNC
machines and machine tools (Schreiber et al. 2020, Khalid
et al. 2023).

Table 4. Comparing properties of timing belts and lead screws.

Factor Timing Belt Lead Screw
Cost Lower Higher
Load capacity Lower Higher
Noise level Lower Higher
Maintenance Less More
Materials Plastic Metal

The lead screw enables linear movement by propelling a
nut along the screw. Nevertheless, the existence of a gap
between the nut and screw can introduce vibrations,
that
compromise the precision of controlling the movement of

potentially leading to backlash issues may
the syringe plunger in the pump. To improve precision
and eliminate backlash, one option is to invest in precision
lead screws, albeit at a higher cost. However, a more
which

minimize friction by incorporating small rotating balls

efficient alternative is to utilize ball screws,
within the nut; unfortunately, they are notably more
expensive. In contrast, in a well-calibrated belt drive
system, theoretically, there should be no backlash.
Therefore, when designing a syringe pump with relatively
small torque, opting for a belt drive would be more
advantageous (Luo et al. 2022, Wang et al. 2023). Also,
according to a recent study, maintenance through
greasing is crucial for achieving precision in a lead screw-
based pump (Leuthner and Hayden 2023). Conversely, the
belt drive only requires belt tensioning and simple
cleaning over time.

In 3D printing, both belt drives and lead screws are

commonly employed. However, belt drives hold
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particular significance due to their cost-effectiveness,
capacity to enhance print speed while maintaining
precision, and ease of reproducibility. In contrast, lead
screws are typically designated for the Z-axis, benefitting
from gravity's assistance in mitigating backlash issues,
and where their higher load capacity and torque are
crucial (Liu et al. 2019, Mapley et al. 2020).

Typically, a linear driver system includes components
such as a slider carriage and extruded aluminum profiles
(V-slot or T-slot). When designing a 3D-printed syringe
pump, this requirement increases design costs and adds
extra weight, potentially limiting customization options.
As shown in Figure 2, to overcome these challenges, we
fabricated a 3D-printed sliding carriage and a linear rail
(slot), promoting complete in-house production. We
designed the carriage with four bearings attached to slide
along the rail. It is possible to use either plastic 3D printed
or commercially available metal bearings (coded as
608ZZ) with specifications of a 22 mm outer diameter, 8
mm inner diameter, and 7 mm thickness. On the top of
the sliding carriage, we added three M4-sized holes to
attach the syringe plunger fixer, which moves the plunger
according to the carriage's position.

Figure 2. A) Linear rail. B) The sliding carriage and 4 bearings on
the sides.

2.3. Belt Drive

GT2 (Gates Tooth 2) is a standardized code for a belt with
rounded tooth profiles, signifying that the teeth are
spaced 2 mm apart (Shah et al. 2019). As illustrated in
Figure 3, we employed a 40 cm length, 6 mm wide GT2
rubber timing belt (Wang et al. 2018). Two 20-tooth, 16
mm diameter belt pulleys (with a 5 mm bore) are utilized,
with one serving as the driver pulley mounted on the
stepper motor, and the other serving as the driven pulley.
This configuration creates a synchronous belt drive with a
1:1 gear ratio. At the opposite side of the belt, we

integrated a belt tensioner mechanism, utilizing an M4
screw and a wing bolt. The tensioner was designed to
horizontally stretch (X-axis) the belt by 5 mm and was
secured in place with an additional M4 screw-bolt
positioned perpendicular (Y-axis) to it. We adjusted the
wing bolt to ensure the belt maintained adequate
tension.

Figure 3. A) GT-2 belt. B) Belt and pulley system. C) Belt
tensioner mechanism.

2.4. Operation and G-code

Step motor drivers can be directly controlled using the
popular Arduino Uno board through drivers or with (CNC)
shields, facilitating the setup of a control system. In CNC
systems, all mechanical control is executed through the
utilization of G-codes, which adhere to universal

standards (RS-274).

We flashed the open-source CNC control firmware Grbl
(v0.9) onto the Arduino Uno to enable the operation of
the entire hardware. Since we required a single linear axis
of movement, we employed a standard Nema 17 stepper
motor (model 17HS4401S) with 200 steps per revolution
and a holding torque of 3.2 kg-cm. For driving the stepper
motor, we employed the A4988 stepper motor driver
through the CNC Shield V3 (Barik et al. 2023). As the
power supply, we used a 12V, 2A AC-to-DC adapter. The
A4988 driver's current limit adjusted to 1.5 A, which
corresponds to a Vref of 1.2 V using a multimeter. The
highest linear force that the stepper can apply to the
syringe piston can be calculated from the torque value
provided by the factory. Assuming a pulley diameter of 16
mm based on Equation 1, the linear force is determined
as 39.25N.

_ Stepper Torque  0.314 Nm
- ~0.008m

1
Pulley Radius M

F =39.25N
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The theoretical value of 32.25 N is then employed in
Equation 2 to determine the maximum pressure within
the pump. This calculation results in a pressure of 347 kPa
in a system utilizing a syringe equipped with a 12 mm
diameter cross-section piston.

Linear Force 39.25 N

~ Cross — Section Area 1 (0.006 m)?
P =374kPa (2)

()

However, it's worth noting that the torque exerted by
stepper motors fluctuates with their speed, with higher
torques typically observed at lower speeds (Kukla et al.
2016). Additionally, it is necessary to adjust the operating
parameters of the stepper motor to ensure that it remains
continuously open after pumping, thereby maintaining its
torque against potential counter pressures.

Using the G-codes in Table 5, we managed to perform
several tasks, such as setting the dosage volume and flow
rate, and creating flow injection cycles by inserting time
breaks. When a new line of G-code is sent over UART, the
machine (Grbl firmware) parses the command and then
executes it. Once the command has been executed, it
responds with an 'OK' message to indicate successful
processing. Any smart device with UART support can be
used to access and control our syringe pump. To make the
pump easier to control, we created a user interface using
Microsoft Visual Studio 2022 and wrote a Python script
using the widely used PySerial library.

2.5. Calibration

Microstepping is a technique employed in stepper motor
control, allows for finer movement resolution by breaking
down each full step into smaller, incremental steps
(Tashman et al. 2022). According to Equation (3), setting
the microstepping to 1/16 will provide a movement
precision of 1/80 millimeter, or 80 steps per millimeter.
We configured the A4988 driver to operate in 1/16 step
mode, which is also the default setting for the TMC2208
used in stock Ender 3 printers. The calculated steps-per-
unit parameter was set using the “M92 X80.0” G-code
command.

On the other hand, despite employing microstepping,
additional calibration may be necessary due to slight
deviations arising from imperfections in stock
components like the stepper motor, belt, or pulleys. For
calibration, we affixed a digital compass to the rear of the
base plate and executed the "G1" g-code to move it 0.1

mm, measuring the movement with the compass in 30

iterations. Consequently, as a minimum limit, we
observed a guaranteed precision of 0.1 mm with no

random errors.

Table 5. Operational G-code commands and their functions.

Code Function Example usage
M25 Pause the process M25
MO Pause the process without MO
saving the state
G1 Move to the position P GO0 X0.1; moves the
X(P) syringe plunger
0.1mm
G1 Move to the position P G1 F50 X1; moves
F(N) with the travel speed N the syringe plunger
X(P) 1 mm with 50mm/s
speed.
G4 Pause the process for the G4 P5000; pause the
P(MS)  specified number of flow for 5 seconds.
milliseconds (MS).
s1 Idle lock time for steppers ~ $1=255 ; to remain

continuously open

Steps _ Steps Per Rev.x Microstepping

mm Pulley Tooth x Belt Pitch ®
Steps  200x16
mm  20x2

3. Results and Discussion
3.1. Validating the Analytical Performance

We used a 5-milliliter polyethylene (PE) syringe with a 12-
millimeter inner diameter, filling it with distilled water. As
illustrated in Figure 4, for evaluating the pump's
sensitivity, we used a laboratory scale to dispense distilled
water into a beaker and measured the weight. We
adjusted the plunger in increments of 0.1, 0.2, 0.3, 0.5,
and 1 millimeter, corresponding to dispensed volumes of
11.3, 22.6, 33.9, 56.5, and 113 microliters, respectively
(for a 5 mL syringe). To compensate for the scale's
sensitivity, we replicated the 0.1-millimeter step five
times.

Figure 4. Setup for validating analytical performance of the
pump.
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Subsequently, as presented in Table 6, we evaluated the
standard deviations for all steps using the measured
average weight gain. Flow rates were set at 5654.87
pL/min for the 5 mL syringe and 1413.72 pL/min for the 1
mL syringe. Eight deliveries were performed for each step,
with a 10-second pause between the execution of G-
codes. Additionally, a 1-milliliter glass syringe with a 6-
millimeter inner diameter was used to dispense 1
millimeter of water, resulting in a 0.028-gram addition for
each step.

Table 6. Random errors validating analytical performance of the
pump.

Distance Measured weight Random Random
(mm) average gain (g) error (g) error (uL)
1 0.1175 0.0066 6.6
0.5 0.0575 0.0066 6.6
0.3 0.0325 0.0082 8.2
0.2 0.0228 0.0045 4.5
0.1x5 0.0385 0.0063 6.3
1(1mL 0.0274 0.0014 1.4
syringe)

The results consistently showed that random errors
remained below 10 microliters for each increment,
highlighting the precision of our pump. As the targeted
volume increased, the ratio of random error to target
volume decreased. For dosage weights exceeding 0.05
grams, the random error remained consistent. This
observation is understandable, considering the
laboratory scale's sensitivity of 0.01 grams. It is also worth
noting that random errors may result from flow path
imperfections, such as pre-existing air bubbles in the
syringe and unwanted frictions in the syringe's plunger.
Moreover, due to the cohesive properties of water,
siphoning and capillary effects may occur when handling
small

microliter volumes, potentially hindering the

precise delivery of liquids.

3.2 Cost Analysis and Literature Comparison

In Table 7, both the overall cost and the expenses related
to individual components are presented. Without
electronic control, power system, and the syringe, the
total cost of the pump is estimated at $20. It is
noteworthy that 3D-printed bearings, as an alternative to
conventional metal bearings, will effectively fulfill their
function, resulting in cost and weight reductions ($2). The

remaining additive cost is also a maximum of $20, as any

12V 2A AC-DC power supply and a low-cost Arduino board
along with the CNC shield are deemed sufficient.
Additionally, by utilizing an existing standard FDM 3D
printer's stepper motor pin and its user interface—such
as the X-axis hub of the printer—there will be no
additional cost. Also, generic PE syringes are also very
affordable, priced at under S1.

Table 7. Cost list of the used components.

Name Cost (S)
3D parts 5
Step motor (17HS4401S) 10
Pulleys (2GT-20T X 1, idler pulley X 1) 1
Bearings (608ZZ X 4) 2
GT2 belt (40 cm) 2
Syringe 1
Arduino UNO (clone), CNC shield (OEM), 12V 20
power supply (OEM), connectors

Total for the pump mechanism only 20
Total <41

In Table 8, we present a comparative analysis between
our 3D-printed syringe pump and those documented in
the literature. The focus is on the cost, the extent of the
requirement for non-3D printed parts, and the weight
excluding stepper and controller electronics. In one study,
Samokshin designed a pump with 3 plL precision using
Arduino and a 3D printer (Samokhin 2020). However, the
design necessitated the inclusion of additional
components (lead screw nut, lead screw, and guide rod),
which increased the weight and cost of the pump. Rogosic
et al. designed a low-cost, customizable 3D-printed pump
notable for its scalability and compactness (Rogosic et al.
2022). However, the linear rail design necessitated the
use of metal parts, impacting cost-effectiveness. Garcia et
al. designed a dual-channel syringe pump using 3D
printing, but the design included metal linear transmitters
and relied on a heavy stand, reducing its portability
(Garcia et al. 2018). Gervasi et al. designed a highly
compact and portable syringe pump using open-source
hardware and 3D printing, significantly reducing the cost
through their practical design (Gervasi et al. 2021).
However, the use of threaded rods in the linear rail
system introduces limitations: it slightly increases both
cost and weight, and as highlighted by Gervasi et al.,

introduces backlash problems that could affect precision.
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Table 8. Comparative analysis with literature.

Reference Cost Not 3D printed parts Weight

Our study. 18 or 208 Screws-nuts, metal bearings (optional), pulleys <250g

(Samokhin, 50 or 100 Metal bearings, lead screw and guide rods, screw-nuts, flanged round lead  >500g

2020). screw nut.

(Rogosic et al., 2022). 100 € Metal bearings, lead screw and guide rods, flanged round lead screw nut, >500g
screw-nuts.

(Garcia et al., 2018). >100$ Metal bearings, lead screw and guide rods, screw-nuts, flanged round lead  >500g
screw nut.

(Cubberley & Hess, 60$ Lead screw, screw-nuts, flanged round lead screw nut. >500g

2017).

(Gervasi et al., 2021). 508 Lead screw, screw-nuts, flanged round lead screw nut. >250g

(Baas & Saggiomo, 30€ A complete 3D printer is required.

2021).

(Agir, 2023). 2S A complete 3D printer is required. <50g

Studies have shown that incorporating more non-3D-
printed parts increases both cost and overall weight
(Table 8).
weight, a higher prevalence of 3D-printed components in

Our pump is distinguished by its reduced

contrast to traditional metal counterparts, and a lower
overall cost. Also, several studies have described 3D-
printed syringe pumps offering significant advantages in
terms of cost and weight (Baas and Saggiomo 2021, Agir
2023). However, these designs necessitate a functional
3D printer and lack standalone operation capabilities.

Additionally, in our experiments, to achieve lower costs
and weight, we printed all 3D parts at 50% infill without
compromising the mechanical stability and function of
the pump, resulting in a 9% reduction in filament weight
(first value of the range given in the table).

4. Conclusion

We presented a low-cost 3D-printed syringe pump, which
offers versatility and practical utility in laboratory and
research settings. In applications where the angle with
respect to gravity may change, a standard lead screw
often experiences varying backlash. Our choice of the belt
drive over the lead screw effectively eliminated backlash
issues. In this manner, we have also enabled unrestricted
and real time rotation of the syringe pump in three
dimensions. By implementing a 3D-printed linear rail with
a belt drive mechanism, we successfully reduced the cost
of a standalone 3D-printed syringe pump to $20 USD and
its weight to 225 grams (excluding stepper and controller
electronics). This pump design holds promise for enabling
local production of 3D-printed syringe pumps, particularly
thus
accessibility and usability in these regions. The described

in resource-scarce settings, enhancing their
cost and weight, and as highlighted by Gervasi et al.,
introduces backlash problems that could affect precision.
3D syringe pump offers numerous potential applications

within the biomedical and biotechnology domains,

including fluid control in bioreactor setups, flow injection
systems, tissue engineering, and drug delivery.
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