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TRANSPORTING DEVICES FOR PRODUCTS
INTO THE PRINTING ZONE OF PAD PRINTING MACHINES:
ANALYSIS, ADVANTAGES, AND DISADVANTAGES

This article investigates various types of transporting devices
used in modern pad printing machines for feeding products into
the printing zone. A classification based on their design features

has been developed for the first time. The advantages and dis-
advantages of these types of transporting devices are identified,

outlining issues related to positioning accuracy, productivity,
and adaptation to different print runs. Recommendations are
developed for selecting the optimal type of transporting device
based on production specifics. Implementing the developed rec-
ommendations during equipment selection, design, or moderni-
sation of production complexes allows for increased production
productivity, reduced costs, and improved print quality.

Keywords: pad printing; pad printing machines;
transporting devices; conveyors; shuttle devices;
carousel devices; rotary tables.

Introduction

Pad printing is a unique method
capable of decorating products with
complex shapes across various in-
dustries [1, 2]. An important com-
ponent of pad printing machines is
the transporting device, which dic-
tates productivity and print quality
by ensuring: product holding, mo-
vement into the printing zone, and
precise positioning relative to the
printing elements. Modern pad print-
ing machines demand high posi-
tioning accuracy, particularly for mul-
ti-colour applications [2]. If products
are not moved quickly and posi-
tioned accurately, the entire print-
ing process slows down, and print

quality deteriorates. Consequen-
tly, the selection of an appropriate
transporting device type is crucial
for ensuring print quality, produc-
tivity, and the economic efficiency
of the production process. The di-
versity in shapes and sizes of pro-
ducts to be printed, along with va-
riations in print run sizes, complicates
the choice of an optimal transport-
ing device. Existing transporting
systems exhibit significant differ-
ences in productivity, positioning ac-
curacy, flexibility, and operational
costs, necessitating a comprehen-
sive analysis for an informed selection.

Despite the importance of tran-
sporting devices in pad printing
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machines, both domestic and in-
ternational scientific literature offer
limited research specifically focu-
sed on the selection and optimisa-
tion of transporting systems for pad
printing machines tailored to pro-
duction needs. Information presen-
ted in sources [3-7] does not allow
for a definitive decision regarding
the optimal transporting system for
pad printing equipment for a spe-
cific printing facility, considering its
production requirements. Therefo-
re, investigating the design featu-
res of modern product transport-
ing systems into the printing zone
of pad printing machines and de-
veloping recommendations for their
selection based on the needs of spe-
cific printing production is highly
relevant.

The aim of this work is to ana-
lyse the different types of transpor-
ting devices used in modern pad
printing machines, evaluate their
advantages and disadvantages,
and develop recommendations for
selecting the optimal type of trans-
porting system depending on the
needs of the printing production.
This will allow for an increase in the
productivity of pad printing machi-
nes, improvement in print quality,
and reduction in the cost of prod-
uct decoration.

Methods

This study employed a research
methodology based on the analy-
sis and synthesis of existing infor-
mation regarding product transport-
ing devices used in modern pad
printing machines. A comprehen-
sive review of relevant scientific and
technical literature, industry data
collection (from technical specifi-
cations, product documentation,
catalogues), a structured compar-

ative analysis to evaluate the iden-
tified types of transporting devices,
and synthesis and formulation of
recommendations for selecting the
optimal type of transporting sys-
tem were conducted.

Results

An analysis of the design fea-
tures, construction, and operating
principles of modern pad printing
equipment has enabled the devel-
opment of a classification for tran-
sporting devices in pad printing
machines, presented in Fig. The
equipment offered by leading glo-
bal manufacturers, including Tam-
poprint (Germany), Inkcups (USA),
Comec ltalia (ltaly), microPrint
(Switzerland), Teca-Print (Switzer-
land), Morlock (Germany), Ever-
Bright Printing Machine (China),
and others, was analysed.

Product transportation into the
printing zone can be accomplished
using linear and carousel devices.
Carousel devices typically consist
of rotary tables onto which the pro-
ducts to be printed are mounted.
Such tables facilitate the movement
of products between single-colour
printing sections or between print-
ing units of a multi-colour module.
Linear transporters, in turn, can be
of the shuttle type or conveyor ty-
pe. Shuttle-type transporting devi-
ces allow for the printing of one pro-
duct at a time, with either pneuma-
tic or servo drives used for shuttle
actuation. In comparison, convey-
or transporting devices can hold
multiple products simultaneously.
They can be constructed in either
vertical or horizontal configurations.

Conveyor transporting devices
in pad printing utilise structural
elements onto which products are
fixed, moving them through various
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printing and processing stages.
Conveyor systems are often integra-
ted with automated loading and
unloading systems to ensure a con-
tinuous production process [8].
The conveyor is typically driven by
electric motors, allowing for adjus-
table product movement speed [9].

A characteristic feature of verti-
cal transporting devices is that the
plates for mounting products move
in a vertical plane [10]. This neces-
sitates fixing the products to hold
them across the entire conveyor
surface. If products are not fixed,
only the upper section of the con-
veyor becomes the operational area.
The advantage of vertical trans-
porting devices is that they require
a minimum of space in width, while
they can have any necessary length.
Thus, vertical conveyors are better
suited for large-sized or non-stan-
dard products, whereas compact
items are more easily transported
by horizontal conveyors.

A feature of horizontal convey-
or-type transporting devices is that
all products are placed in a single
plane [11]. Such devices are wider
than vertical ones but do not re-
quire product fixing and allow the

entire surface to be used for easy
placement and monitoring of the
items being printed. These trans-
porting devices facilitate easy
loading and unloading of products
at a single position. Furthermore,
increasing the number of positions
only leads to a linear extension of
the conveyor.

Conveyor transporting devices
are ideally suited for mass produc-
tion and processing large quanti-
ties of products [9, 11]. The con-
tinuous flow of products through
printing and processing modules
ensures high throughput and re-
duces the processing time per item,
which allows achieving a printing
speed of 1000-1500 impressions
per hour and higher. Conveyor sys-
tems can be readily integrated with
other automated equipment, such
as loading and unloading robots,
pre-treatment systems (e.g., cle-
aning or primer application), and
post-treatment systems (e.g., dry-
ing), creating fully automated pro-
duction lines [8].

However, in some cases, con-
veyor systems may offer slightly lo-
wer printing accuracy (on average
+0.1-0.2 mm) compared to rotary
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Classification scheme of transporting devices for products into the printing
zone of pad printing machines
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tables. The intermittent movement
of the conveyor can introduce
minor vibrations or displacements
[11], impacting the quality and ac-
curacy of the printed image, espe-
cially in multi-colour printing with
strict registration requirements.
Consequently, a disadvantage of
conveyor transporting devices is
the potential need for additional
positioning devices and systems
to ensure precise product fixation
and alignment relative to the print-
ing elements. Specialised fixtures,
clamps, or guides are used for this
purpose, holding the product in the
required position during ink appli-
cation [7]. Modern conveyor sys-
tems equipped with high-precision
drives and product fixation systems
significantly mitigate this drawback.
For instance, Inkcups (USA) offers
specialised fixtures for pad print-
ing conveyor systems [12]. Control
sensors and visual recognition sys-
tems are also employed to verify
correct product positioning before
printing and can make necessary
adjustments [13]. In linear motion
conveyor systems, precision servo
drives are often used to ensure
uniform and controlled conveyor
speed, further enhancing printing
accuracy [14]. Research [6, 15-17]
suggests using cam mechanisms
for intermittent motion, which can
provide precise movement accord-
ing to a predefined periodic motion
law without resorting to expensive
precision servo drives.

A characteristic feature of shut-
tle-type transporting devices is
that only one product is mounted
on such a device, moving accord-
ing to a set program between print-
ing stations. They are commonly
used for multi-colour printing but
also allow for multiple applications

of the same ink colour without mo-
ving the product, thereby creating
a thicker ink layer of a single co-
lour. After ink application is com-
plete, the product returns to its ini-
tial position. Shuttle movement
can be achieved using pneumatic
or servo-driven mechanisms, en-
suring precise positioning under
each printing element [18].

One key advantage of shuttle
devices is the ability to program
the sequence of ink applications
and the number of applications for
each colour. This allows for the
creation of complex multi-colour
images with a high degree of con-
trol at each printing stage. The ope-
rator can define the ink application
order, the number of repeat appli-
cations for a single colour, shuttle
speed, and dwell time between ap-
plications to ensure proper ink dry-
ing [19]. This enables optimisation
of the printing process for differ-
ent product types (which differ in
shape, size, smoothness of the print-
able surface, etc.) and achieve-
ment of the desired image quality.
For example, the Inkcups ICN-2500
machine features a programma-
ble shuttle table ensuring precise
part movement between printing
modules [20].

Shuttle devices offer high flexi-
bility when working with diverse pro-
duct types, if the enterprise needs
to frequently readjust the printing
machine for products that differ in
size, shape, etc. The shuttle design
allows for easy installation and chang-
ing of specialised fixtures designed
to hold products of various shapes
and sizes [18]. This makes them
an optimal choice for production
environments with a wide product
range, where specific ink application
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requirements and frequent equip-
ment changeovers for new prod-
uct types are common.

A disadvantage of shuttle devi-
ces is their typically lower produc-
tivity (on average 400-600 impres-
sions per hour) compared to rota-
ry tables and conveyors, especial-
ly for large print runs [18]. The
back-and-forth movement of the
shuttle between printing modules
takes longer than the unidirection-
al intermittent movement of other
types of transporting devices. The-
refore, shuttle devices are more
frequently used for small print runs
(up to 1000 impressions) to medi-
um print runs (1000-10000 impres-
sions) where flexibility and the abi-
lity to perform complex printing tasks
are prioritised.

Shuttle devices require a spe-
cialised approach to programming
and maintenance [18]. Programming
the shuttle’s movement sequence,
printing parameters for each module,
and setting dwell times requires
skilled personnel. Maintenance of
the shuttle mechanism’s mechan-
ical components, including pneu-
matic cylinders or servo drives, is
also more complex compared to
other types of transporting devices.

Carousel-type transporting de-
vices ensure the sequential move-
ment of products mounted on a
rotary table. Table rotation is driv-
en by pneumatic or electric actua-
tors, providing precise product po-
sitioning in the printing zone [21].
The stable and rigid construction
of the table guarantees reliable pro-
duct positioning during printing
[22], minimising vibrations or ac-
cidental movements that could
degrade print quality, which is par-
ticularly important for multi-colour
printing. For instance, pad print-

ing equipment from microPrint
(Switzerland) with carousel-type
transporting devices can achieve
colour registration accuracy up to
+0.05 mm [23]. The size of the ro-
tary table depends on the dimen-
sions and number of products
being printed simultaneously on
the table [21].

Rotary tables are ideally suited
for production environments with
smaller print runs (up to 1000 im-
pressions) and high demands on
print quality (for example, require-
ments for color registration accu-
racy of £0.05-0.1 mm). They offer
a balance between accuracy and
relative ease of use, allowing for
quick setup and changeover for
decorating different product ty-
pes, making them an optimal solu-
tion for small print runs (up to 1000
impressions) and medium print runs
(1000-10000 impressions).

The main disadvantage of ca-
rousel transporting devices is that
even a small increase in the num-
ber of positions leads to a signifi-
cantincrease in the overall dimen-
sions of the table. Each additional
position requires space on the ro-
tating surface, increasing its dia-
meter and, consequently, the total
area occupied by the machine
[21]. This is a considerable draw-
back in production facilities with
limited space. Accordingly, this
aspect must be considered when
planning the production layout and
the ergonomics of the operator’s
workstation for loading and unlo-
ading products.

Another significant drawback
of rotary tables is their lower pro-
ductivity (on average 600-800 im-
pressions per hour) for large print
runs (more than 10000 impressions)
[21] compared to other types of
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transporting devices, such as con-
veyors. The limited number of pro-
ducts simultaneously mounted on
the rotary table reduces the overall
speed of printing large quantities.

Comparative analysis of

advantages and disadvantages

of transporting devices

The choice of transporting de-
vice type depends on several fac-
tors that must be considered dur-
ing the design of the production

process. These include product size
and shape, print run volume, and
requirements for print quality and
positioning accuracy. Economic
factors, such as equipment cost,
maintenance, and energy consump-
tion, also influence the selection.
Each type of transporting system
has its own advantages and disad-
vantages, which should be weighed
according to these factors. The re-
sults of the analysis are summa-
rised in Table.

Advantages, disadvantages, and selection criteria for product
transporting devices into the printing zone of pad printing machines

Carousel devices

Characteristic (rotary tables)

Conveyors Shuttle devices

Advantages — High positioning
accuracy
(£0.05-0.1 mm),
— capability for si-
multaneous multi-
ple operations,

— convenient for
small print runs
(up to 1000
impressions)

— Programmable
ink sequence,
speed, dwell time,
and application
count per colour;
— flexibility for
various product
types (versatility);
— high positioning

— Ability to acco-
mmodate many
product positions
without significant
size increase,

— convenient for
large print runs
(more than 10000
impressions),

— high speed accuracy
(1000-1500 im- (£0.08-0.12 mm)
pressions per

hour),

— integratable
with automation,
— capability for si-
multaneous multi-
ple operations

— Increased
dimensions with
more positions,

— limited produc-
tivity for large print
runs (more than
10000 impres-
sions),

— difficulty print-
ing large items

Disadvantages

— Requires addi- | — Lower produc-

tional devices for | tivity (print speed)
precise position- | — 400-600

ing, impressions per
— lower accuracy | hour,

(on average — complex pro-
+0.1-0.2 mm) gramming and

maintenance,

— inability for si-
multaneous multi-
ple operations

compared to
rotary tables and
shuttle devices
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End of Table

Characteristic

Carousel devices
(rotary tables)

Conveyors

Shuttle devices

Color registration
accuracy, mm

+0.05-0.1

+0.1-0.2

+0.08-0.12

Print speed, im-pres-
sions per hour

600-800

1000-1500+

400-600

Small print runs (up to
1000 impressions)

+++

++

Medium print runs
(1000-10000 impres-
sions)

++

++

+++

Large print runs (more
than 10000 impres-
sions)

+++

Decorating products
requiring high print
accuracy (incl. multi-
colour)

+++

++

++

Decorating various
product shapes/sizes
(versatility)

++

+++

Need for printing
process programming

+

+

+++

Change in equipment
dimensions (with

Increases signifi-
cantly

Increases slightly

Depends on con-
figuration

increased positions)

Legend:

+++ — Most suitable.

++ —Acceptable to use.

+ — Possible, but not rational to use.

Discussion

Thus, carousel devices (rotary
tables) provide high printing accu-
racy (£0.05-0.1 mm) and are an
optimal solution for small print
runs (up to 1000 impressions) to
medium print runs (1000-10000
impressions) where print quality is
a priority. However, increasing the
number of printing positions leads
to a significant increase in equip-
ment dimensions, and productivity
(which is 600—-800 impressions per
hour) is insufficient for large print
runs (more than 10000 impres-
sions).

Conveyor transporting devices,
conversely, are ideally suited for
large print runs (more than 10000
impressions). They allow for the pro-
cessing of a substantial number of
products without significantly in-
creasing equipment size. However,
achieving high positioning accura-
cy (which exceeds the average va-
lues for this type of equipment of
+0.1-0.2 mm) on conveyors often
requires additional devices, and the
accuracy itself may be somewhat
lower compared to rotary tables.

Shuttle devices offer high flexi-
bility and the ability to program com-
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plex printing sequences, making
them attractive for manufacturers
with diverse product ranges and
specific printing needs. However,
their productivity is generally lower
than that of rotary tables and con-
veyor systems and is 400-600 im-
pressions per hour, and their oper-
ation requires specialised knowl-
edge in programming and mainte-
nance.

Therefore, for small print runs
with high accuracy requirements,
carousel devices are advisable.
For large print runs with less strin-
gent accuracy requirements, hori-
zontal or vertical conveyors are pre-
ferable. Shuttle devices are opti-
mal for complex printing schemes
involving the application of multi-
ple ink layers.

Conclusions

The analysis of the main types
of modern transporting devices for
pad printing machines has shown
that each possesses unique ad-
vantages and disadvantages, de-
termining their applicability for dif-
ferent production needs. Select-

ing the optimal transporting device
for a pad printing machine in a con-
temporary printing facility repre-
sents a compromise between fac-
tors such as print run size, requir-
ed accuracy and print quality, flex-
ibility and versatility (for various
shapes and sizes of products to be
printed), and equipment cost. A
thorough analysis of these requi-
rements will enable the selection
of the most effective solution for
the needs of a specific printing fa-
cility.

Future developments in these
technologies can be expected,
aimed at enhancing the speed,
accuracy, and flexibility of trans-
porting systems for pad printing
machines. Further research could
also focus on developing hybrid
transporting systems that com-
bine the advantages of different
types, offering improved perform-
ance and versatility characteris-
tics. Of particular interest is the
development of intelligent control
systems for transporting devices
capable of adapting to different
product types and printing modes.
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Y cTaTTi focnigXeHo pi3Hi TUNU TPaHCNOPTYBaJIbHUX NMPUCTPOIB,
SAKi BUKOPUCTOBYIOTbCS Y Cy4aCHUX TaMNOAPYKapPCbKMX MaLLun-
Hax ANns nogaBaHHsA BUPOGIB y 30HY ApyKy. Bneplue po3po6neHo
X knacudgikauilo 3a KOHCTPYKTUBHUMM ocoOnuBocTaMu. Bu-
3Ha4YeHo iXHi NnepeBarv Ta HeJoONiKU, OKPecsieHo Npodnemum,
NoB’sA3aHi 3 TOYHICTIO NO3ULIIOBAHHS, TXHbOIO NPOAYKTUBHICTIO
Ta apganTaui€lo Ao pi3HuX Haknaaie. Po3po6neHo pekomeHaauir
WoA0 BUOOPY ONTUMAJIbHOro TUNY TPAHCMNOPTYBaIbHOro Npun-
CTPOIO 3aNeXHo Big, cneundikn BUpoOHMLTBA, 30KpEeMa po3-
Mipy i popmu BUpPOGIB, Haknaay, HeoOXiAHOT AKOCTI APYKY.
BnpoBap>keHHs LUX pekoMeHpaui nig yac nipoopy obnaa-
HaHHSA, NPOEKTYBaHHA ab0 MoaepHisauii BUPOGHNYMX KOM-
njekciB Aa€ MOXJ/UBICTb NiABULLTY NPOAYKTUBHICTb BUPOO-
HULTBAa, 3HN3UTU cOGiBapTiCTb Ta NiIABULLUTU AKICTb OAPYKY.

KniouoBi cnoBa: Tamnoapyk; TaMmnoapykapcbKi MalUnHU;
TpaHCNopTyBaJsibHi NPUCTPOI; KOHBEEPU; YHOBHUKOBI NPUCTPOI;
KapycenbHi NPUCTPOI; MOBOPOTHI CTOMNU.

Haginwna po pepakuiji: 09.04.25
Peuensia: 28.04.25
Ony6nikoBaHo: 30.06.25





