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Innovative injection moulding 
technology for special products

innovative

ENGEL application technology –
For moulded parts with special characteristics
ENGEL injection moulding machines support a full range of 
options for standard injection moulding at the highest level 
But ENGEL also offers the right solutions for special products 
which cannot be manufactured using standard technology. 
This brochure gives you an overview of these applications, 
and the equipment and technology available for them.
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ENGEL combimelt  
Multicolour and multiple component 
moulded parts

Rotary table technology – 
with vertical rotational module

Rotary table technology is the most frequently used ENGEL 
combimelt method; it is used for both “overmoulding“ and for 
add-on technology. In combination with a rotary module on 
the moving machine platen, an injection mould with various 
cavity dimensions is used on the fixed side and a mould with 
identical cavities on the rotary table side. 

After the injection process at station 1, the rotary table ro-
tates through 180 degrees and the basic object is transferred 
to the second nozzle side mould cavities. Here, the space 
between the pre-mould and the second exterior cavity is filled 
with the second material. The rotary table is designed for al-
ternating rotation of ±180 degrees. 

A special, rotary union ensures the injection mould an un-
restricted supply of the required media. As the rotary table 
is part of the injection moulding machine, it can be used for 
multiple injection moulds. Rotary tables with up to four index-
ing positions are available.

Index platen technology  – 
for constructive freedom

Index platen technology integrates the rotary and transfer 
function with the injection mould. This method is the only 
choice if you need to add the second component material 
to both halves of the moulded part (ejector and nozzle side). 
For this, the pre-mould must be transferred to a mould with 
modifications to both halves on the second station. 

To allow this to happen, an intermediate platen, known as 
an indexing platen, is utilized in the mould to lift the moulded 
parts out of station 1, turn the parts and transfer them to 
station 2. 

The indexing platen drive is integrated into the injection mould 
and matches the mould in question. The indexing platen sys-
tem offers maximum design flexibility for combining two or 
more functional parts.

Transfer technology – 
for small series and 
custom solutions
This method is used as an alternative to indexing platens 
wherever moulded part 1 cannot be held by an indexing plat-
en for reasons of geometry. A second application is the com-
bination of bulky insert-place parts (e.g. screwdrivers or knife 
blades) with combination parts. 

This makes the transfer method an interesting alternative 
if the use of rotary table and/or indexing platen technology 
would require too large a clamping unit in relation to the task 
at hand. A pick and place robot is used to transfer the parts 
between the injection units. The transfer from mould cavity 1 
to mould cavity 2 can either occur within the same injection 
mould without a rotation mechanism, or between two adja-
cent injection moulding machines. 

Vertical rotary table machines with workpiece holding fixtures 
may be used in special cases.

Turning platen technology – 
with horizontal rotary module 

An ideal solution for the production of large – and especially 
for long – parts is the use of the large-capacity ENGEL duo 
(two platen) injection moulding machine. The machine is used 
in conjunction with a rotary module mounted on a sliding car-
riage inside the clamping unit and two injection units mount-
ed on the platens. For such applications, the combination 
of the horizontal rotary module and the cube-shaped central 
part of the injection mould makes better use of the available 
space between the tie-bars than is possible with a rotary ta-
ble system.

What is particularly advantageous about this system is that 
the two injection units are mounted on the two opposite plat-
ens. This permits a simple design of the central, moving part 
of the mould and waives the need for a complicated hot run-
ner system. This system is particularly suitable for large-area 
parts with integrally moulded seals or gaskets (e.g. car win-
dow panes).

The transfer method makes consistent use of robot tech, e.g. to insert 
metal parts or transfer moulded parts within an injection mould, or 
between two injection moulds on two machines. A combination of 
two injection moulding machines and two injection units makes it 
fairly simple to manufacture 4-component moulded parts. Transfer 
technology can also be used in combination with ENGEL insert rotary 
table machines (for more information see the ENGEL insert machine 
brochure).

The indexing platen is generally an integral part of the mould. Indexing 
platens are lifted from the master mould after each injection cycle, 
rotated and reinserted. Due to the design principle, inertia imposes 
dimensional restrictions.

The rotary table is a standard option that is available for any ENGEL 
injection moulding machine. Special rotating media supply lines ensure 
that the injection mould is provided with the required resources (tem-
perature control, sensors, electric system, optional hydraulics).

The horizontal rotary module carries the central part of a double-day-
light (stack) mould. The combination of the horizontal rotary module 
and the cube-shaped central part of the injection mould permits op-
timum utilization of the available space between the tiebars. As the 
central part of the mould can revolve in steps of 90 degrees, it affords 
optimum access for insert-placing and parts-removal robots. As in the 
case of any standard double-daylight (stack) mould, the central part of 
the mould is kept in a central position, in relation to the platens, during 
the opening and closing movements of the clamping unit by means of 
a positively actuated hydraulic control.
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Focus on crystal clear parts:
Multiple component parts with large surface areas, e.g. 
plastic window variants, or glass roof modules for vehicles, or 
door modules for shower cabins, but also long car bodywork 
components, require special production techniques (see 
also Page 5 / Reversing platen technology). ENGEL has 
developed a special variant of the duo large-scale machine 
for this purpose, known as the ENGEL duo combi M. (See 
the separate ENGEL combimelt brochure for details of this 
machine series)

The machine offers the specific benefits of the whole ENGEL 
duo machine series, such as the space-saving, dual platen 
clamping unit and the ability to utilize four pressure pad 
modules for compression technology, and a large selection 
of injection units. The special features offered by the combi 
M variant include the horizontal rotary table unit mounted 
on a moving carriage on the clamping unit frame, and the 
positioning of the injection units opposite each other. As an 
option, the injection units can be configured for processing 
crystal clear materials such as polycarbonate or Plexiglass. 

ENGEL combimelt systems
for crystal clear composite parts

ENGEL glazemelt  

The benefits:
> Innovative movement concept based on the tried-and- 
 trusted ENGEL duo machine series
> Efficient method of manufacturing large multiple com- 
 ponents parts, including parts comprising of a large vol- 
 ume of crystal clear material
> The machine design supports compression technology  
 abilities that are the basis for manufacturing low-torsion  
 moulded parts with excellent optical qualities.
> Arranging the moulded parts in multiple tiers saves clam- 
 ping force, while at the same time maximising manufac-
 turing size potential with relation to the clamping force

Sunroof production for passenger cars Headlamp diffuser production for passenger cars

01 04 03 0102

Details:
ENGEL duo large-scale clamping units 
(see the special ENGEL duo brochure for details of the 
technical concept)
Second injection unit «M» (moving) configuration, mount - 
ed on the moving platen of the two-platen clamping unit.
Horizontal rotary table (vertical rotary axis) with inte-
grated media supply lines (temperature control, sen-
sors, electric system, optional hydraulics), mounted on a  
hydraulically driven carriage platen whose movements 
can be synchronised with the clamping unit’s stroke 
movement.
The rotary table with vertical rotation axis supports the 
central element of a stack injection mould. In contrast 
to the conventional rotary table where the machine’s 
clamping force has to be distributed between the injec-
tion units, the full clamping force is available at both in-
jection units with a stack mould.

The rotary table rotates through 180 degrees by default. 
For a production cycle with 90 degree rotation, the lat-
eral position can be used for insert-placing or part-re-
moval components.

01

02

03

04
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ENGEL foammelt 
light parts – created with foam

Light design, light moulded parts, light ma-
chines – but powerful characteristics. Saving, 
without waiving value, is the message our  
ENGEL foammelt application delivers. Wher-
ever component function and dimensional 
precision have priority over brilliant surface 
quality is where you will find ENGEL foammelt 
moulded foam parts. Light structures sup-
port decorative surfaces, insulate, increase 
the precision of complex moulded parts and 
at the same time save material, machine  
power and size.

light + precise
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ENGEL foammelt-foam injection moulding: 
The methods – the alternatives

Basically, there are two alternative methods for creating foam 
structures with injection moulding machines. What is true 
of both methods is that the foam structures created inside 
moulded parts are created by distributing gas bubbles in the 
basic polymer material.

Cell structure +  ++

Standard polymers +  +

Engineered polymers + / –  ++

Processing window +  +++ 

Foaming agent costs –  +++ 

Potential weight reduction +  ++ 

Shape trueness ++  ++

Wall thicknesses below 5 mm –  +++

Residues of foaming process –  +++

Gas pressure during foaming +  +++

Clamp force reduction +  + 

Capital investment +++  –  

Decision making matrix      Chemical foaming      Physical. Foaming

General purpose moulded parts 
with large wall thicknesses and 
small to medium lot sizes, e.g. toys, 
household appliances, furniture 
parts, leisure items  

Technical moulding with thinner 
wall thicknesses and larger 
quantities e.g. automotive parts, 
electrotechnology, office equipment 
components  

Chemical foaming
Chemical foaming involves dosing the plastic pellets with a 
chemical foaming agent also in pellet form. The composition 
of the foaming agents matches the type of plastic in each 
case, however, they typically contain sodium bicarbonate 
and citric acid. The propellant is created by the effect of heat 
on the plasticized melt.

The process technology is simple. The cavities are filled by 
injection pressure, just like in compact injection moulding, 
but without applying post-injection pressure. Gas pressure 
performs the function of post-injection pressure while at the 
same time creating a foam structure. The density decreases 
from the outside inward.

Despite progress in foaming agent chemistry, the main appli-
cation for chemical foaming is the production of thick-walled 
PP or PE components. The surface quality, which is typically 
impaired by flow lines or gas inclusions, can be improved 
considerably in combination with variothermal mould tem-
perature control (see also pages 66-69).

Physical foaming
Physical foaming involves creating foam structures without 
a gas additive. Nitrogen or carbon dioxide are injected un-
der pressure directly into the melt during plasticising and 
finely distributed. The pressure in the barrel during plasticis-
ing causes the gas to dissolve completely in the melt, thus 
ensuring homogeneous distribution. After injecting into the 
pressureless mould, the gas separates out of the melt and 
creates a microcellular foam structure. This method uses a 
far higher gas pressure in the melt than chemical foaming, 
thus allowing for a wider process window and more precise 
moulding. It is possible to manufacture light precision parts 
from technical plastics and with wall thicknesses of less than 
5 mm. The higher capital investment is offset by the eco-
nomic advantages of more profitable applications and faster 
cycle times.
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showing the effect of the 
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Compact

Foamed with N2

Characteristics of foam injection moulding
Diagram showing the different states of nitrogen gas 
Within a defined pressure/temperature range, nitrogen exists 
as a “supercritical“ fluid which completely dissolves in the 
melt during plasticising so that nitrogen is only released from 
the melt in the cavity.

Cross-section of a foam moulded part  
Compact outer skin and foamed core areas create a sand-
wich structure

Reduction of cavity pressure
through increased degree of foaming

Potential savings through foam injection moulding
Comparison of cavity pressures for the same component with 
standard injection moulding and foam injection moulding
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MuCell® Technology: 
Machine features and functions

MuCell® Plasticising unit

Microcellular foam structures thanks to 
homogeneously distributed nitrogen gas
The physical foam method injects nitrogen or CO2 gas into 
a specially adapted plasticising cylinder during plasticising, 
thus finely distributing the gas. Due to the pressure in the 
plasticising cylinder, the gas dissolves in the plastic melt and 
is not released until after injection. Even distribution produces 
a similarly even, microcellular foam structure in the moulded 
part. Shrinkage and distortion are minimised. Weight savings 
in the range of 5 to 15 percent and reduction of the cycle time 
are possible. All told, these properties make the method ex-
tremely advantageous for manufacturing complex, technical 
components where a stable shape is critical to the function 
of the parts, and is more important than the surface quality. 
This said, the latter can be improved in combination with vari-
othermal mould temperature control.

01 02 0304

05

01020304

01  Needle valve nozzle
02  Gas injector
03  MuCell® plasticising screw (with L/D ratio: 24:1)
04  Homogenisation zone for gas/plastic mix
05  Plastic granulate without foaming agent

01  Plasticising of plastic
02  Injecting of supercritical fluid
  into the melt
03  Distribution and dissolving of the fluid.
  Homogenisation of the mixture
04  Nucleation and creation of microfoam structure  
  start during injection

01   Process step 1: The plasticizing process takes place after  
  injection of the previous shot and during the mould cooling  
  phase. With the needle valve nozzle closed, the melt builds  
  up in the space in front of the screw. Gas injectors introduce  
  nitrogen in its “supercritical fluid state” into the metering  
  zone during the plasticizing process.
02   Process step 2: The mould opens and the part is demoulded.  
  The melt for the next shot is kept under pressure so as to  
  ensure a uniform melt temperature. This is a prerequisite for  
  the optimally uniform foam structure of the moulded part.
03   Process step 3: The mould closes. The needle valve nozzle  
  opens and the melt is injected. During injection, the finely  
  dispersed gas in the melt nucleates and expands to produce  
  a microcellular foam. The foamed melt flows easily,   
  necessitating a relatively low mould locking force.
04   Process step 4: The melt expands to fill the mould, 
  forming a solid outer skin and a microcellular foam core 
  of extremely uniform structure.

01 02

03 04

The Cycle

Process
sequence
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ENGEL foammelt
The components – the machine – 
the control unit

The ENGEL MuCell® equipment package
comprising:
>  MuCell® plasticising unit with L/D ratio 24:1,   
 incl. MuCell® screw
>  Needle valve nozzle for plasticising cylinder
>  Melt pressure transducer, located 
 below gas injector 1
>  Servo-valve controller with small accu 
 for MPP closed loop control
>  MuCell® software for permanent pressurisation  
 of melt, screw position and shut-off valve control

Additional equipment:
The gas supply system and gas injectors can be ordered 
directly from our partner company Trexel.

Production cell comprising a standard injection moulding machine 
with an equipment package for MuCell® injection moulding

Detailed view of the MuCell® plasticising barrel with two gas injectors

Detailed view of the gas control unit

System integration
The MuCell® gas supply system‘s functions can be integrat-
ed with the injection moulding machine‘s cycle via interfaces 
and a proprietary process software, and is configurable via 
the machine control screen. The configurable parameters 
and internal functions are clearly visualised on ENGEL CC 
200 machine control screens.

Graphical view
A gas pressure control system that matches your application 
is extremely important to the cycle sequence. For easier ori-
entation by the machine operator, the current values of the in-
jector function times are visualised. Additionally, the injected 
gas volume is displayed.

Savings calculator
To provide a direct overview of the material savings achieved 
by the foam structure, you can use the internal savings calcu-
lator to compare the compact injection molded part with the 
MuCell® foam injected part. The resulting savings of material, 
clamp force and cycle time are displayed along with the gas 
volume consumed.
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Dolphin – Multiple component parts
with soft-touch surfaces
The economical alternative for soft-touch moulded parts 
The Dolphin product name stands for a process that manu-
factures moulded parts with a soft-touch surface directly on 
an injection moulding machine, without intermediate steps. 
Moulded parts with soft-touch surfaces fulfil both haptic and 
safety requirements, and are thus gaining ground in automobile 
interior applications. Dolphin moulded parts are an economi-
cally interesting alternative to legacy parts moulded in multiple-
step processes, for example by lamination with PU foils, or by 
in place foaming with polyurethane foam.

soft-touch

Station 2: 
a) Injection of nitrogen saturated melt onto the carrier (ther-
moplastic polyester) by a second injection unit.
b) After a defined delay time to allow the compact outer skin 
to cool, the clamping unit is opened by a defined compres-
sion stroke. The nitrogen dissolved in the polyester is released 
from the solution and foams the core of the polyester layer. 
As the applications typically involve large moulded parts,  
ENGEL duo two-platen, large-scale machines with pres-
sure pad clamping units are used. This system provides the 
technical basis for precision opening (negative compression), 
which is the precondition for controlled foaming (see also the 
Chapter ENGEL coinmelt in this brochure).

Dolphin: The Process
The Dolphin process is a combination of ENGEL combimelt-
2-component injection moulding (rotary table method) with 
MuCell® foam injection and compression technology.

Station 1: 
Injection moulding of the substrate (carrier), typically made 
of glass fibre reinforced PBT. After completion of the cool-
ing time, the injection mould is opened and the core side is 
rotated into injection station 2. 

Dolphin moulded part structure:
A Dolphin moulded part typically consists of a structure com-
ponent and a foam overlay with a pore-free, grained surface. 
The structure component is typically made of glass fibre rein-
forced material for improved stability. The soft-touch surface 
typically comprises of thermoplastic, physically (nitrogen) 
foamed polyester.

Station 2 Station 1

In-
jection

Comp. 1

Substrate

In-
jection

Comp. 2

Overmold

Opening + 
180° rotation

2 mm precision stroke

Foam structure

3 mm 
(foam structure)

2.2 mm 
Basic structure

made of PBT-GF

   2.0 mm 
Foam area
extremely fine pores

1.5 mm 
made of TPE-E 
(compact wall)

Detail
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Dolphin – Moulded parts 
with selective properties

Dolphin – 
Machine Technology

Structuring
The method is the same as the 2C injection moulding proc-
ess. After creating the basic element by standard injection 
moulding with polyamide or polybutylene terephthalate, a 
chemically compatible, foamable thermoplastic polyester 
is injected on top. The polyester is foamed using MuCell® 
foam technology. The layer of polyester provides a compact 
boundary layer both to the carrier and to the outer skin. The 
Softtouch effect depends on the foam density.

Glass-fibre reinforced PBT 
carrier + GF in compact 
injection moulding
The outer skin comprises physi-
cally foamed TPE-E, injection 
moulded with MuCell® foam tech-
nology and the ENGEL coinmelt 
decompression method.

Due to the combination of the part size and compression 
technology, manufacturing of Dolphin moulded parts requires 
a large-scale ENGEL duo machine as the basic system. Typi-
cally a version with one injection unit each on the stationary 
and moving machine platens is used (machine type ENGEL 
duo combi M – for details of the machine system see the  
ENGEL combimelt brochure). A rotating centre plate is used 
to transfer the moulded parts between the injection stations.

Example of a production unit for manufacturing of automo-
bile armrests based on an ENGEL duo 11050 / 4550 / 1500 
combi M (clamping force 15000 kN)

Glass-fibre reinforced 
carrier

Boundary layer Foam core with 
low density

Compact outer skin
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compact + hollow

Thicker walls, good surface quality, 
efficient production – no challenge 
with innovative ENGEL technology
Creative and ergonomic design, and good surface quality, all 
achieved at an economically justifiable cost; these are the suc-
cess criteria of many products. However, this combination of 
requirements cannot be achieved using standard technology.

ENGEL‘s “gasmelt“ and “watermelt“ technologies are two cus-
tom methods that make it possible to completely remove or at 
least mitigate the wall thickness restrictions imposed by plastic 
technologies, while at the same time providing an economically 
viable approach.

The methods – the differences
Both gas and water injection technology are combinations of 
standard injection moulding technology with integrated, high 
pressure nitrogen gas or water applications. Both fluids are 
used as pressurised media to create cavities and prevent sur-
face defects as caused by shrinkage contraction during cool-
ing. Nitrogen is used wherever surface quality is at a premium 
and for low volume moulded parts. Water offers benefits in 
cases of larger diameters. On top of this, water has superior 
heat capacity and thus helps reduce cooling times.

Pressurised media are not only used to counteract shrink-
age but also to deliberately create cavities. Water injection 
technology is thus capable of creating complex media lines 
of which no other plastics technology is capable. Both tech-
nologies share the ability to reduce wall thicknesses from the 
inside and thus to reduce cooling times. Both of these meth-
ods are useful if the alternative would machine multiple part 
construction with greater production effort.

Use of the process

ENGEL gasmeltComponents

Large surface, ribbed components, such as TV front panels

Handles with small to medium sized cavities

Handles with large cavities

Technical moulded parts with small to medium sized cavities

Technical moulded parts with large cavities

Media supply lines such as e.g. coolant pipes

ENGEL watermelt
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ENGEL gasmelt / watermelt 
Part filling and inflation – the standard method The blow-out method for optimum surface quality

Premium quality surfaces thanks to fluid injection
The blow-up method differs fundamentally from the standard. 
“Blowing out“ involves completely filling the cavity first before 
activating gas or water injection. This displaces the melt from 
the core area of the moulded part into a secondary cavity.

Fast and complete filling of the cavity before blowing out the 
“core material“ offers benefits above all for premium quality 
surfaces. The gas or water pressure prevents additional flow 
movements in the outer skin. This makes the method per-
fect for moulded parts with glossy surfaces or special surface 
structures. 

Process step 1: 
The prerequisite for the blow-out method is an injection mould with 
a fluid injector (gas or water) in the cavity(ies). Each mould cavity is 
linked to a secondary cavity which receives the displaced material. 

Process step 2: 
The melt is injected. The mould cavity is completely filled. The link to 
the secondary cavity is closed.

Process step 3: 
The link to the secondary cavity is opened. At the same time fluid 
injection is activated. Melt from the interior is displaced into the 
secondary cavity.

Process step 4: 
After completely filling the secondary cavity, the gas or water pressure 
is retained during the cooling phase. After the cooling time has 
elapsed, the pressure is relieved and the moulded part is removed.

Standard method 
both for gas and water injection
This method involves partly filling the cavity with a defined 
volume of melt. After this, either nitrogen gas or water at a 
pressure of up to 350 bar (for gas) or up to 300 bar (for water) 
is injected. The pressure medium spreads in the interior of the 
melt, thus creating the moulded part by completely shaping 
a cavity in its interior. 

The pressure medium is either injected via the machine noz-
zle (gas only), via an injector in the sprue area, or directly in 
the mould cavity (for both gas and water). In all cases, gas 
and water can only enter if the fluid pressure is higher than 
the pressure of the melt. After performing its molding func-
tion, the fluid pressure provides post injection holding pres-
sure normally performed by the injection unit.

Process step 1: 
Injection unit with shut-off nozzle closed, 
Material is plasticised

Process step 2: 
The shut-off nozzle is opened, the material is injected (part filling), the 
shut-off nozzle is closed

Process step 3: 
Gas injection is activated. The nitrogen gas displaces the plastic 
until the cavity is completely filled. The required material volume is 
ascertained iteratively in advance.

Process step 4: 
The gas pressure is maintained during the cooling phase
(It acts as post-injection pressure). After this, the gas pressure is 
relieved and the moulded part is removed.
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Process step 1: 
These “thick areas“ are gasified locally for moulded parts 
with considerable wall thickness differences or local melt 
conglomerations. To allow this to happen, these areas are shaped by 
solenoids in the mould. The solenoid(s) advance(s) to fill the cavity.

Process step 2: 
After volumetric cavity filling, the system switches to post injection 
pressure for a short time, after which the shut-off valve on the 
injection unit is closed.

Process step 3: 
The solenoid(s) in the mould is/are retracted to the “rear“ position. 
Thus releasing the final dimension of the local “thick area“. At the 
same time gas injection is activated.

Process step 4: 
The gas pressure is relieved after the cooling phase. This approach 
makes it possible to economically manufacture complex moulded 
parts with very different wall thicknesses.

Moulded parts with local cavities
Multipoint gas injection is a method for economically manu-
facturing moulded parts with great wall thickness differences 
and/or local material accumulations. The alternative without 
multipoint gas injection would be assembling individual com-
ponents. The solution is a moulded part design in which

the wall thickness distribution is fairly even for the most part 
and with moving mould inserts in the material accumulation 
areas. The solenoids allow local extension of the mould cav-
ity to final dimensions. Individually controllable gas injectors 
inject gas into these local areas, thus creating cavities.

ENGEL gasmelt 
Local gas injection for moulded parts 
with different cross sections

Process step 1: 
Injection unit with shut-off nozzle closed, material is plasticised. The 
gas injector is remote with respect to the sprue, i.e. it is positioned at 
the flow path end.

Process step 2: 
The shut-off nozzle on the plasticising unit is opened and the melt is 
injected into the mould cavity until the cavity is completely filled.

Process step 3: 
After a short post injection pressure time or cooling time has elapsed 
to allow a compact outer skin to form, gas injection is activated. Start - 
ing at the gas injector, a gas bubble forms and the fluid core material 
is forced back into the screw pre-chamber via the sprue channel.

Process step 4: 
The gas pressure is maintained during the cooling phase The gas 
pressure acts as post-injection pressure. After this, the moulded part 
is taken off.

The back pressure method – 
the economical application variant
The melt back pressure method is a variant of the “blow-out 
method“. What makes it so special is that the displaced core 
material does not flow into a secondary cavity but back into 
the screw pre-chamber on the injection unit. 

The method is quite economical, as it removes the need for 
separating and recycling material from a secondary cavity. 
This method is not universally suitable. It is important to check 
applicability for each individual case.

ENGEL gasmelt / watermelt
Melt back pressure method – the economical option
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Process control

Process software for fluid injection
Fluid injection control is implemented at the injection mould-
ing machine. In the case of water injection technology the 
pressure intensifier is an integral machine component. A sep-
arate process software handles process control and integra-
tion with the injection moulding machine‘s cycle. Operations 
are controlled via the touch screen on the machine‘s control 
unit. Users can press softkeys to access control screens with 
input masks. The time/pressure curve for gas or the water 
volume flow can be set via the machine‘s control unit to op-
timise cavity formation or wall thickness distribution. All set-
tings are stored with the settings for the injection mould and 
can therefore be reloaded at any time. 

Process visualisation
The actual value curves of the process parameters for both 
the gas and water injection technologies are visualised and 
logged along with the injection moulding process parame-
ters. All setting parameters such as pressure fluid injection 
start time and pressure medium post injection pressure, are 
summarised in a clear and concise manner on screen.

Sample applications for multipoint injection 
using both the ENGEL gasmelt and ENGEL watermelt

Application technology benefits 
of multipoint injection: 
Innovative concepts are needed to create complex moulded 
part geometries with exacting surface quality requirements 
in an economical manner. “Multipoint“ gas or water injection 
techniques are examples of these innovative concepts. The 
major benefit to these techniques is the ability to create com-
plex moulded parts in one piece. Local cavities are created 
in areas with thicker walls, which helps to compensate for 
shrinkage. The result is excellent surface quality. Water injec-
tion technology makes it possible to create tubular reinforcing 
structures in the moulded part.

Multipoint water injection makes it possible to create cavities 
where they are needed, avoiding the need for additional ribs 
which are only needed to transport the fluid and not for the 
moulded parts function.

This principle can also be applied to multiple cavity moulds. 
Multipoint injection can in principle be implemented for any 
basic “gasmelt and watermelt“ method (blow-up, blow-out, 
local gas injection).

Drink crates with four local gas injection points in the four handle 
areas. This allows the execution of a smooth surfaced handle area 
with generously dimensioned, rounded 
cross sections.

Shopping cart made entirely of plastic (fibreglass reinforced 
polyamide): local multipoint gas injection improves the surfaces of 
“thick areas“ on both the chassis and the basket.

Folding box for vegetables produced using multipoint water injection. 
This method allows for more precise moulding of the hinge areas.
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Machines for the ENGEL gasmelt method

ENGEL compact gasmelt unit
To support a wide range of applications, ENGEL offers com-
pact units that serve a single injection moulding machine. 
These compact units are available in two sizes and also differ 
with respect to supply performance.

A compact “gasmelt“ unit consists of a three-stage, air-
cooled compressor for compacting the nitrogen, a pressure 
accumulator with a volume of 50 litres for temporary storage 
of the compressed gas, and a pressure control module. A 
proportional valve is used for closed loop control of the gas 
pressure; the valve is controlled via the “gasmelt“ software on 
the machine control unit. A control module with two propor-
tional valves is available as an option to control two different 
gas volumes. The frame also has sufficient space to hold an 
additional nitrogen supply bottle.

ENGEL central gasmelt system
A central system serves multiple injection moulding machines 
at the same time. Just like with the compact unit, compres-
sion is handled by a three-stage, air-cooled compressor. 
Compressed nitrogen is stored in two accumulators with a 
volume of 50 litres each. This guarantees a constant high-
pressure supply. Two systems of different sizes and perform-
ance ratings are available.

Pressure control is handled by a closed loop control mod-
ule located directly on the injection moulding machine. The 
closed control module is not part of the central system but 
an option that must be ordered separately for each injection 
moulding machine you connect. Actuation is integrated in 
the machine control unit. All “gasmelt“ parameters are stored 
along with the other data settings.

Supply performance*

Maximum gas pressure

Required input pressure

Performance

Weight

Length x Width x Height

ENGEL gasmelt compact units gasmelt 125 compact gasmelt 475 compact

125 NL / min

350 bar

1-15 bar

4 kW

465 kg

1362 x 754 x 2249 mm

475 NL / min

350 bar

10 bar

5,3 kW

480 kg

1362 x 754 x 2249 mm

Supply performance*

Maximum gas pressure

Required input pressure

Performance

Weight

Length x Width x Height

ENGEL central gasmelt units gasmelt 475 multi gasmelt 750 multi

475 NL / min

350 bar

10 bar

5,3 kW

665 kg

1798 x 834 x 2115 mm

750 NL / min

350 bar

11 bar

8,2 kW

750 kg

1798 x 834 x 2115 mm

*  The performance is quoted in “normal litres per minute“.  
 A normal litre corresponds to a litre at a pressure of 1 bar. The requi- 
 red volume, multiplied by the gas pressure results in the gas pressure  
 in normal litres. Dividing this by the cycle time in minutes gives you  
 the supply performance in normal litres per minute.

*  The performance is quoted in “normal litres per minute“. A normal  
 litre corresponds to a litre at a pressure of 1 bar. The required volume,  
 multiplied by the gas pressure results in the gas pressure in normal  
 litres. Dividing this by the cycle time in minutes gives you the supply  
 performance in normal litres per minute.

Example:
0.3 litres at a pressure of 200 bar corresponds to 60 normal litres (0.3 L 
x 200 bar = 60 NL). For a cycle time of 45 sec (=0.75 min) this gives you 
a supply performance of 60 NL / 0.75 min = 80 NL per minute.

Example:
0.3 litres at a pressure of 200 bar corresponds to 60 normal litres (0.3 L 
x 200 bar = 60 NL). For a cycle time of 45 sec (=0.75 min) this gives you 
a supply performance of 60 NL / 0.75 min = 80 NL per minute.
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Well thought out plant system

Designed for minimum gas consumption
The gas pressure is controlled by the control module, which 
is integrated with the compact gas units. If multiple ma-
chines are supplied by a central system, the control module 
is mounted directly on the injection moulding machine, e.g. 
on the moving platen. One control module is required per 
machine, and it is fitted with a proportional valve for gas pres-
sure control.

As each cycle consumes only the volume of gas in the pres-
sure lines between the control module and the mould cavity, 
and the volume in the cavity on the moulded part, this design 
reduces nitrogen consumption to a minimum.

If there is a requirement to control two independent pres-
sures (e.g. for a moulded part with two cavities, or an injec-
tion mould with two cavities), control modules with two in-
dependent proportional valves are available. Multiple control 
modules can be fitted to a machine to control more than two 
gas pressures.

ENGEL gasmelt 
Implemented Applications for Surface Enhancement 

TV set housing
Sample application with local cavities to compensate for shrinkage 
around the integrated fastening elements, created using the blow-up 
method.

Door handle for automobile
manufactured using the blow-out method (blowing out into a 
secondary cavity)

Armrest / Door handle for automobile
Sample application for melt back pressure method. The relatively high 
volume of the core material made material recirculation (integrated 
in the process sequence) without the overhead of regranulation the 
logical choice.

Manufacturer: Key Plastics / Lennestadt-D

30 / 31

Automobile side mirror housing
In this side mirror housing the required surface quality is achieved by 
use of the blow-out method. This creates a circumferential cavity that 
counteracts irregular shrinkage in the cooling phase.

Manufacturer: Magna
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Water injection technology – for extended options
ENGEL offers a comprehensive range of equipment pack-
ages for water injection technology, especially for moulded 
parts with large volume hollow channels or for media lines 
made of plastic, as an alternative to the “gasmelt process 
method“. A major part of this consists of options that can be 
integrated directly with the injection moulding machine.

Compared to process technologies that use gas as the com-
pressible medium, the incompressible medium of water sup-
ports the manufacturing of evenly shaped cavities. Addition-
ally, water is a medium with a higher heat capacity which 
has advantages in interior cooling of injection moulded parts. 
Wherever the geometry of the moulded part allows it, this 
results in shorter cooling or overall cycle times in injection 
moulding.

Automotive clutch pedal
made of fibreglass reinforced polyamide, manufactured using the 
melt back pressure method

Guide pipe for an oil fill level dipstick
Pipes with complex 3-dimensional shapes, that are impossible to 
mould with conventional mould technology are one of the major 
areas of innovation potential in water injection technology. Incom-
pressible pressurised water takes over the function of the mold core.

Side wall of a fruit case
A reinforcing pipe is formed in a PP moulded part using pressurised 
water; this significantly increases the stability of the moulded 
partition (manufactured using the blow-out method – into a 
secondary cavity).

Door handle:
manufactured with a combination of water injection technology and 
multiple component injection moulding (transfer process). The cavity 
in the basic PA 6.6 /GF 30 structure helps to shorten the cooling time, 
in the handle area, the basic form is sheathed by injection moulding 
with TPE-U.

ENGEL watermelt 
The Technology for Manufacturing
pipe structures with freedom of design

Works image: 
Schneegans Austria

ENGEL watermelt 
Advantageous for larger cross sections
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Process step 1: Injection
The cavity is filled with melt. The entrance to the secondary cavity for 
holding the core material is open.

Process step 2: Forming the cavity
After filling, water is injected, by means of an injector, until a 
continuous cavity is formed. The core material is displaced into the 
open secondary cavity.

Process step 3: Option “Flushing“
After completing the forming of the cavity, a second injector can flush 
water through the moulded part to intensify interior cooling.

Process step 4: Option “Blow drying“
Either directly after forming the cavity, or optionally after flushing, 
an additional injector can be used to blow compressed air into the 
cavity and thus dry the cavity. Process water and air are dissipated 
by means of a water injector.

The process options:
Three options are available for watermelt systems; each of 
them can be chosen as an option independently of the oth-
ers; retrofitting is possible.

Flushing: After completing water injection and forming the 
cavity, the cavity is flushed with additional water by a second 
injector. The result is improved interior cooling and thus a 
reduction of the cycle time. 

Blow drying: A needle then pierces the cavity and com-
pressed air is injected into the moulded part through it. 

Compressed air speeds up the process of removing water 
from the component and thus reduces the cycle time. 

Water preheating: The preheating option for the injected 
water is particularly useful when processing plastics that 
crystalise quickly such as semi-crystaline polyamides, for ex-
ample. A higher water temperature means slower crystalisa-
tion thus avoiding inclusions and improving the quality of the 
internal surface. To avoid furring, the water temperature is 
limited to a maximum of 45°C.

ENGEL watermelt
Basic method with three options

Hydraulic pressure intensifier for  
volume and pressure controlled water injection

Options

Flushing

Blow drying

Water preheating (up to 45°C)

Machine mono twin

The ENGEL watermelt equipment module
The water injection unit is a pressure intensifier system that 
is integrated with the machine as an equipment module. The 
unit is driven by the machine‘s hydraulics. Actuation is inte-
grated with the machine control unit, and volume flow and 
pressure are monitored. 

This makes the water injection process sequence compa-
rable to a conventional injection moulding sequence. The 
volume flow and pressure profiles can be set and controlled 
along the same lines. 

ENGEL victory as of VC 130  as of VC 260

ENGEL duo    all machines

ENGEL watermelt equipment     mono   twin

Number of independently controllable circuits         1       2

Max. water volume per cycle          1000 cm³   2x1000 cm³ 

Max. water pressure         300 bar

Controllable volume flow       1-30 l/min
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Hollow handle with elastomer overlay
The handle comprises a basic PA 6.6 / GF 30 structure and a TPE-U han-
dle component. The basic structure is hollow and manufactured using 
the ENGEL watermelt blow-out approach (blowing out into a secondary 
cavity and subsequent flushing for cooling). The hollow basic structure 
is overlaid with Elastomer after transferring it to a second cavity.

Water injection technology and two-component injec-
tion moulding can be combined in a single process. This 
approach makes it possible to manufacture compos-
ite pipes with highly-rigid (fibreglass reinforced) external 

structures and an interior lining of non-reinforced plastic. 
The central system component is an injection moulding 
machine with two injection units with an integrated ENGEL  
watermelt unit.

Media lines with interior layer
Lining media lines with fibreglass reinforced materials made of unfilled 
plastic prevents interference between the flowing media and the main 
component. Additionally, the smooth surface of the core component 
minimises pressure loss of the medium flowing through the line.

2-C safety door handle 2-C media lines

 
Tie bar-less injection moulding machine 
with two injection units and a hydraulic 
pressure intensifier for "watermelt"

ENGEL watermelt for 
Two-component moulded parts

Two component pipe 
smooth interior – rigid exterior

Process step 1: 
Injection / Filling of the cavity with the skin component, e.g. with 
fibreglass reinforced polyamide

Process step 2: 
Injection of the core component into the core area of the pipe as the 
second component. At the same time, the displaced melt is pushed 
out into a secondary cavity.

Process step 3: 
Water injection is enabled via an injector until the required cavity has 
been created and the secondary cavity has been filled.

Process step 4: 
After the water bubble reaches the second injector, a cooling circuit 
is activated to cool the interior of the moulded part. The water is then 
blown back into the system by air and the sprue system is separated.

Manufacturing of multiple layer pipes 
Pipes used to transport media at high temperatures or high-
er internal pressures must be made of fibreglass reinforced 
plastics. To avoid direct contact between the fluid and the 
skin component the pipe is lined with a second – non-rein-
forced – plastic component. Manufacturing of the multiple 
layer pipe uses a combination of multiple component injec-
tion moulding and water injection technology.
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ENGEL fibermelt
for long glass fibres in strong components

04 06 02 07

04

01

05

03

01 Automobile door functional module
02 Dashboard mount
03 Front module
04 Bumper support

05 Underbody assembly
06 Noise insulation  
 for engine bay
07 Lift-up tailgate module

ENGEL fibermelt is an application technology basis for man-
ufacturing composite parts made of plastic and long glass 
fibres by injection moulding. ENGEL fibermelt composite 
parts are characterised by excellent rigidity at higher tem-
peratures. The aim of this process technology is to manufac-
ture moulded parts with an optimal fibre length spectrum in 
an economic way, i.e. using automation, in large batch sizes, 
and with reproducable quality. 

Basically, three methods are suitable for this:
>  Injection moulding
>  Injection-compression moulding 
 (customised injection moulding method)
>  Compression moulding (similar to ENGEL tecomelt)

The decision in favour of a particular process will depend on 
the geometry of the part and the required technical charac-
teristics. All three processes are designed to maximise fibre 
protection (fibre length) during plasticising.

The injection moulding method is particularly well-suited for 
highly-structured moulded parts with many apertures. Injec-
tion moulds and sprue systems are designed to minimise 
damage to the glass fibres. ENGEL offers the fibermelt proc-
ess technology in combination with the ENGEL duo large-
scale machines. The core element of this process technology 
is the specially developed ENGEL fibermelt plasticising unit.

The ENGEL fibermelt equipment package:
> Plasticising cylinder with L / D ratio 25 : 1 
   (available from a diameter of 90 mm upward)
>  ENGEL fibermelt plasticising screw with  
 L / D = 25 : 1 incl. optimised geometry for gentle  
 plasticising and wear-proof surface equipment 
 (including non-return valve)
>  Electric screw drive for parallel plasticising (option)
>  Weigh feeding unit for 
 glass fibre concentrates (option)

Software options  
The full range of application technology and quality control 
operating software is available (see brochures ENGEL duo 
and ENGEL control).

This is the ideal method for two-dimensional elements with 
little structure where rigidity requirements are demanding, 
e.g. vehicle underbodies or functional modules in doors.

Injection-compression moulding combines melt injection 
as in injection moulding with a press fitting technique that 
is gentle on fibres. Press fitting can be integrated with the 
process sequence of the ENGEL duo 2 platen machine with-
out special equipment. A special process software controls 
the sequence.

Process sequence  
A prerequisite for using injection-compression moulding is 
a mould that is adapted for compression. While the melt is 
injected at low pressure to avoid damage to the fibres, the 
mould is opened by the compression stroke (5-10 mm for 
best results). Vertical flash faces prevent the melt from es-
caping at the sides. During mold filling (simultaneous com-
pression), or immediately after it (serial compression), the 
molding operation is performed by closing the mould during 
the compression stroke.

Injection-compression moulding schematic

Compression 
stroke

Decision making matrix for one of these methods

High 
component complexity

Injection moulding Injection-compression 
moulding Melt overlay

Glass fibre protection 
(Impact strength)

The Injection moulding method

The Injection-compression moulding method

Detailed view of injection unit with weigh feeding unit

The ENGEL autoprotect injection monitoring software is very 
beneficial when processing long fibres. This program moni-
tors the injection and post injection pressure behaviour.

Using this method, post injection pressure is not applied 
by the injection unit but by the clamping unit. This ensures 
completely homogeneous pressure distribution and reduces 
clamping force requirement.
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Hybrid injection moulded parts – 
innovative material combinations for 
highly rigid, lightweight structures

Benefits
Plastic/metal hybrid parts offer considerable cost and weight 
benefits compared to metal constructions of the same 
strength. These benefits are greater the more additional 
functions can be integrated with the hybrid component.

ENGEL Production modules for hybrid components
ENGEL offers a comprehensive range of production equip-
ment for hybrid components, above all robots for automated 
insert-placing and removal of the metal components and 
corresponding automation peripherals for preparing and 
post-processing of insert-place parts and the composites 
produced with them.

Front and rear view of a hybrid front-end for a Ford Focus, 
comprising of three overlayed metal sheets which are com-
bined with plastic webs on the injection moulding machine 
to create a functional unit (source: Dynamit Nobel Kunststoff 
GmbH, Weißenburg). Production cell for vehicle front end modules of hybrid construction type

Combinations of roving mats and foam structures enable the 
production of extremely lightweight sandwich components 
to which functional injection moulded parts are then added.  

Vehicle front-end module with local reinforcement via 
TWINTEX mats (PP+60%GF / Source: Vetrotex). Local re-
inforcement is an alternative to overdimensioning the whole  
component.

Targeted use of synergy effects
In plastics technology, hybrid technology refers to the prin-
ciple of combining metal and plastic structures, or plastic 
structures with fibreglass or carbon rovings to create highly 
rigid, lightweight assemblies. The targeted combination of 
steel or fibre composites in rational production processes for 
use as carrier components for injection moulded parts helps 
to stabilise two dimensional parts on the one hand, thus in-
creasing rigidity on the whole, and allows for combinations 
with functional assemblies on the other. Hybrid structures 
created in this way offer more potential for lightweight con-
structions than each material could offer on its own.

Plastic Metal

Plastic Metal

Roving reinforcement
Foam structure
Inlay with reinforcing web
LFT
Infinite fibre tapes



RFID insert moulding 42 / 43

Assembly of RFID tags 
by injection moulding

The Idea
RFID (Radio Frequency Identification) is a means of auto-
mating non-contact identification and location of objects. 
It is also used for automatic data acquisition and storage. 
For this to happen, the object must be fitted with a passive 
transponder – typically implemented as a tag. The micro-
waves emitted by a reader are modified by the transponder 
and thus pass on the programmed information.

Transponders implemented as tags are exposed to a risk of 
damage by friction or impact. To ensure a damage-free appli-
cation, ENGEL AUSTRIA GmbH / Schwertberg - Austria and 
IFW mould tec GmbH /Micheldorf Austria have developed 
a method of integrating RFID chips with injection moulded 
parts. Pallets, transport boxes, drinks crates, waste con-
tainers, chip cards, or implants can be equipped with RFID 
functionality to prevent manipulation and damage.

01  The method 
 RFID insert moulding is a special variation of the  
 ENGEL foilmelt technology, a low pressure-injection  
 mould ing method for back injection under foil surfaces.  
 At the core of this technology is the idea of positioning an  
 RFID transponder foil by adhesion or gluing it at at the  
 end face of a retractable core of an injection mould for  
 containers or pallets. After closing the injection mould,  
 the core juts into the melt channel.

02 Mould filling
 One side of the RFID transponder tag is fully covered  
 by plastic (back injection). It is important for the meth- 
 od to ensure that the tag is not flushed away or dam- 
 aged by the flow edge or destroyed by an excessively  
 high melt temperature.

03 Bonding
 After the melt has bonded with the transponder cover  
 foil, the core is retracted. The transponder is released  
 from the core.

04 Filling
 The remaining cavity is filled with fresh melt of the  
 same plastic material, or with a different plastic from a  
 second injection unit in a similar approach to core re- 
 traction multiple component injection moulding.

05  Finished part 
 If we look at the finished part, the tag is completely  
 embedded in plastic and thus protected against work- 
 ing loose. 

01

03

02

04

05

Chip

Antenna

Covering foil
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01 Dashboard
02 A, B, C, D pillar trims
03 Rear door trim
04 Floor surround trim

05 Centre console
06 Door trim
07 Boot trim

02

01

07

03

06

05

04

ENGEL tecomelt
Plastic combined with a textile surface

The main application for ENGEL tecomelt injection moulding 
is composite parts for automobile interiors. These composite 
parts are combinations of textile structures and supporting 
plastic components which can be manufactured in a single-
stage process.

ENGEL tecomelt process technology can be combined with all stand-
ard injection moulding machines. The condition is the ability to com-
bine the clamping unit and compression technology – see Chapter 
"ENGEL coinmelt" (p. 63).

01 Frozen-in outer layer
02 Plastic melt

03 Top layer
04 Bottom layer (interliner)

Textile foam composites

Pressure

Mould surface

Melt flow

Intermediate layer (foam)

05 Pile with pile bonding
06 Carpet carrier

07 Back coating
08 Cover fleece

Carpet composite

Mould surface

Melt flow

Pressure

A roll of material is clamped by the robot's grips, unrolled and cut. 
The cut material is then inserted into the mould using a tensioning 
frame, and held in place by the robot until the mould closes and 
clamps it in place.

ENGEL tecomelt injection moulding uses modified, conven-
tional, horizontal injection moulding machines. The process 
sequence differs from conventional injection moulding in the 
consistent implementation of strategies for low pressure cav-
ity filling. This can be achieved by multipoint sprue systems 
with cascade control (sequential opening of the injection 
points), or by a combination of conventional injection mould-
ing with a compression step. ENGEL tecomelt injection 
moulding is particularly suited to long, narrow components.
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ENGEL foilmelt
Surface design for plastic components

Production cell for desktop organiser
Injection moulding machine ENGEL victory 200 / 120 Power 
with high-speed ENGEL ERS 1 robot and downstream au-
tomation comprising of a conveyor system and an ENGEL 
ROBOT ERC 23 / 0-E1. To synchronise the downstream au-
tomation with the mould's short cycle time of less than 8 
seconds, foil and finished part manipulation are handled by 
two robots. The ENGEL ERS robot handles only the high-
speed loading and unloading of the injection mould, while 
the ENGEL ERC robot handles foil and finished part manipu-
lation outside of the mould.

Stamping form
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Process step 1: Foil pre-shaping 
A thermal shaping unit is used for 3D foil pre-shaping. This 
process step can be omitted for flat parts or in case of a low 
cupping ratio. 

Process step 2: Foil cutting
Cutting of the foil by stamping, milling, laser cutting, 
or water jet cutting

Process step 3: Insert-placing of foils
Insert-placing of foils into the injection mould. To ensure po-
sitioning accuracy, a robot is used. The automation periph-
erals stack and separate the foils, remove particles of dust 
by means of ionised air and then roughly centre the foils.

Process step 4: Injection moulding process 
Injection moulding process with process controls 
suitable for foils

01 02

Individualism is quality of life
Individually designed objects and premium quality design 
are part of our environment. Surface design is an extremely 
important part of this. Décor foils support individual combi-
nations of surface effects and basic materials. The combina-
tion occurs at the injection moulding machine.

Surface design with 
single / multiple layered foils offers:
> Premium quality 3-dimensional surfaces
> Surfaces with special effects (metallic lacquer,  
 aluminium design, chameleon effect, holograms)
> Easy design changes from piece to piece
> Direct production without post-processing

01  Wood or aluminium décor for auto interiors
02  Ice cream cup with décor foil 
03  Surface décor on garden furniture

0201 03

03 04
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ENGEL x-melt
For small shot weights and thin walled parts 

Function
The main principle of the ENGEL x-melt process is consist-
ent use of the ability to compress the plastic melt to store 
energy.

After plasticising, the melt is compressed in the closed screw 
pre-chamber or in the injection mould's hot runner system 
before the plasticising screw. When the needle/valve pin 
opens, the plastic melt is released extremely quickly and ex-
pands to fill the cavities without additional screw movement. 
This method is perfectly suited for extremely thin walled or 
extremely small moulded parts, for maximum precision and 
consistency in manufacturing.

Process
ENGEL x-melt is an alternative method for high-speed in-
jection that does not require increasing drive performance, 
hydraulic accumulators for the injection unit and excessive 
use of energy due to continual acceleration of the screw to 
top speed and subsequent braking.

ENGEL x-melt high-speed injection relies entirely on com-
pressing the plastic melt at high pressures to accumulate 
pressure and on the precise positioning ability of the all-elec-
tric injection unit to guarantee maximum reproducability and 
precision. Mould filling is achieved entirely by releasing the 
pressure on the melt without an additional screw stroke. 

Where conventional injection moulding reaches its limits in 
the production of microparts, ENGEL x-melt starts.

Currently, shot weights of between 0.1 and 20 grammes and 
wall thicknesses of between 0.1 and 1 mm can be achieved. 

The system requirements for this are a plasticising screw 
that supports accurate positioning throughout a wide pres-
sure range, such as the all-electric injection units used by 
the ENGEL e-victory and ENGEL e-motion machine series. 
In combination with the equipment module, standard ma-
chines are converted to micro-injection machines.

Process step 1: Plasticising
The plasticising unit on the machine, or preferably the injec-
tion mould's hot runner system (see figure above), is equip-
ped with a valve gated nozzle. The valve gates are closed 
originally. The machine's plasticising screw rotates and plas-
ticises a defined volume of material.

Process step 2: Compression
After completing the plasticising process, the plastic melt is 
compressed with the nozzle closed using the screw as a pis-
ton. Depending on the application and material, compression 
pressure is between 2000 and 2500 bar. This compression 
pressure reduces the plasticised melt volume by approx 10 
percent. Subsequently, the pressure is held for a short time 
to allow for temperature compensation in the melt.

Process step 3: Filling the mould
After homogenisation, the valve gates are opened. The melt 
is released and expands rapidly to fill the cavities. The resi-
dual pressure acts as post injection pressure to compensate 
for shrinkage. 

The screw is held precisely in position during the filling pro-
cess. This is the system requirement for high process re-
producability.

Compression pressure: 2200 bar   
Holding pressure: 350 bar    
Plasticising stroke: 100 mm

Screw position

Melt pressure

0

ENGEL x-melt process sequence

Compression

Plasticising

Expansion

0.08 sec.
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The advantage of compression is that the pressure acting 
on the melt is lower than in injection moulding and that it 
acts homogeneously on the whole cavity. In line with this, the 
resulting internal stress in the moulded part is low, and the 
part's properties are homogeneous. Injection-compression 
moulding is a useful method for producing torsion-free moul-
ded parts, such as those needed for optical systems, and for 
large-scale parts with sensitive textile surfaces or thin-walled 
moulded parts with long flow paths. Additionally, injection-
compression moulding has the potential to create large-sca-
le, two-dimensional, low-torsion moulded parts with a lower 
clamping force requirement than injection moulding.

Process technology with a large range of options
Injection-compression moulding is a combination of injection 
moulding and compression on the injection moulding ma-
chine. During injection, the mould and/or the mould cavities 
are kept open by a defined gap. Expanding the flow diameter 
in this manner reduces the filling pressure on the one hand 
while reducing the shear strain on the melt on the other hand. 
This reduces orientation of the polymer molecules. After fill-
ing, the injection mould is closed to final dimensions (= com-
pression stroke). This only triggers a minimal, additional flow 
movement with a similarly minimal molecule orientation.

homogeneous + brilliant

ENGEL coinmelt – 
a combination of injection moulding 
and injection-compression moulding

This method is the alternative to standard injection moulding 
when specific part qualities such as low torsion, homogene-
ous distribution of properties and extremely precise surface 
contours are required. ENGEL offers a comprehensive range 
of application-specific methods and machine equipment 
packages both for smaller precision components and for 
large-scale moulded parts.

Large-surface moulded partsMoulded parts with textile surfaces

Optical components Large-surface plastic windows

Source: TRUMPF Medizin Systeme GmbH & Co. KG
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Comparison of Methods – 
specific differences to injection moulding

Injection moulding 
(standard method)

Injection-compression 
moulding
(compression to compensate for shrinkage)

Injection-compression 
moulding
(standard method for thin to large-surface parts)

Expert-Injection-
compression moulding
(standard injection-compression moulding 
+ precision opening)

Injection
The injection mould is fully closed. Plastic is injected. As the 
flow paths are typically thin walled in order to achieve mini-
mal cooling times, filling has to occur quickly to avoid the 
melt "freezing". This necessitates a high injection pressure.

Injection
This variant method only opens the mould cavity during in-
jection by the stroke required to compensate for shrinkage. 

Injection
The injection mould is kept open at a defined compression 
gap. This provides a larger cross section for the melt to fill the 
part, which results in a lower fill pressure.

Injection with precision opening
In the case of large-surfaced moulded parts with thin walls 
(e.g. glazing) the mould cavity is opened by a precise stroke 
(stroke and parallelism controlled) at the same time as the 
injection step. The flow cross section is adjusted during fill-
ing. The effect is that flow marks such as jetting or disking 
can be avoided.

Distribution
Melt distribution is achieved by injection only. In the relatively 
narrow flow cross section, plastic molecules are oriented by 
shear stress. High levels of inhomogeneous internal stress 
are the result.

Distribution
The complete part volume plus the shrinkage volume is  
injected. 

Distribution
Injection is followed by controlled mould closing (compres-
sion). Melt distribution is achieved by the compression 
stroke. The pressure and pressure gradient required for this 
are low. The resulting internal stress in the moulded part is 
also very low.

Compensates for shrinkage
To compensate for volume shrinkage on cooling, the melt is 
pressed into the cavity via the sprue system.

Compensates for shrinkage
Compensation for shrinkage is not achieved by post injec-
tion pressure via the sprue system, but by performing a cav-
ity compression stroke in sync with the part cooling. The 
result is a moulded part with little internal stress and homo-
geneous properties.

Compensates for shrinkage
Compensation for shrinkage is achieved by the compression 
stroke (force controlled). The volume required to compen-
sate for shrinkage is taken account of in the shot volume.

Injection Injection

Compression
stroke 1

Precision opening

Prägehub 2 Compression 
stroke

Post injection 
pressure

InjectionInjection

Distribution
Injection is followed by controlled mould closing (compres-
sion). Melt distribution is achieved by the compression 
stroke. The pressure and pressure gradient required for this 
are low. The resulting internal stress in the moulded part is 
also very low.

Compensates for shrinkage
Compensation for shrinkage is achieved by the compression 
stroke (force controlled). The volume required to compen-
sate for shrinkage is taken into account in the shot volume.

Compression 
stroke 1

Compression 
stroke 2
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Injection moulding and injection-compression moulding:
the specific differences

Injection moulding:
Typical pressure curve measured at 3 points in an injection 
mould. The pressure gradients and absolute pressure values 
are high compared to injection-compression moulding.

Injection-compression
moulding:
Both the pressure gradients and the absolute pressure val-
ues are just 30% of those for injection moulding, and they are 
constant across the full surface of the moulded part.
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ENGEL coinmelt – Optical parts. 
Top quality thanks to injection-compression moulding

Moulded parts with low internal stress levels
Low, and above all evenly distributed internal stress is the 
sign of quality optics. Low stress components are a prereq-
uisite to the success of coatings applied at a later stage.

Process:
>  High injection pressure
>  High shear stress and pronounced orientation
    of the plastic molecules
>  High internal stress level

Moulded part geometry:
>  Greater freedom of design

Mould:
>  Universal, benefits especially with multiple cavity
 moulds

Process:
>  Injection pressure 50 to 70 % lower
>  Less shear stress on filling,
    thus less orientation of the molecules
>  Lower clamping force requirement
>  Less internal stress 
>  More complex process compared to injection moulding
>  Great precision required during injection

Moulded part geometry:
>  Restricted compared to injection moulding 

Mould:
>  More complex than injection moulding

The specifications for lenses in high-quality optical systems, 
high-quality spectacle lenses, or light conductor plates for 
small to medium-sized screens are all achievable by means 
of injection-compression moulding. The excellent optical 
characteristics of moulded parts manufactured with very 
little internal stress can be combined with special surface 
effects as part of the same production process. To allow 
this to happen, cavity inserts with defined surface structures 
(such as nanostructures) can be used. The injection-com-
pression process allows for precise reproduction of these 
structures on the moulded part.

Source: Silhouette

Source: TRUMPF Medizin Systeme GmbH & Co. KG

Wall thickness 4 mm 
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Injection-compression moulding 
with the fully electric ENGEL e-motion 
In the small to mid-range clamping force machine range, 
ENGEL offers this process technology in combination with 
the fully electric machines from the ENGEL e-motion line. 
This machine line, with its precision drives (servomotors in 
combination with precision ball screw) offers the best condi-
tions for the necessary precision of movement on both the 
injection unit and clamping unit (sides). The built-in ability to 
perform parallel movements increases the flexibility of proc-
ess control.

The "coinmelt" equipment package converts the stand-
ard ENGEL e-motion machines to "injection-compression 
moulding machines".

>  Speed control / force control of the  
 compression phase
 Various criteria are available for switching from speed to
 force control. Switch over can be driven either by the  
 compression stroke, the compression force, or the  
 compression time. The switch over criteria can be ap- 
 plied individually or in parallel.

> "falling" force profiles possible
 As a special feature, the all-electric machine supports 
 falling force profiles without additional mechanical  
 equipment. Hydraulic machines require a special hyd- 
 raulic system for this.

Injection-compression software with many new options 

>  Compression position as mould stroke
 The definition as the mould stroke is generally 
 chosen for operations with a shearing diving mould. 
 To start compression of the closed mould as of a spe-
 cific clamping force value, the reference mark is the 
 toggle lever position.

> Sequential or parallel compression
 The compression step can be started on injection 
 (sequential) or parallel to injection, as of a specific 
 injection volume.

"coinmelt" equipment package 
>  "Injection-compression moulding" software package
    This package offers a comprehensive range of settings,  
 such as the sequential compression or parallel com- 
 pression capability during injection, and the ability to  
 choose between a force or speed driven compres - 
 sion sequence. It is also possible to implement dropping  
 force profiles.

> More powerful E drives for the clamping unit
 (optional)
 "Injection-compression moulding" operations require  
 more torque from the drive motor on the clamping unit  
 than "injection moulding". Additionally, in injection-com- 
 pression of thick-walled parts the servomotor torque  
 must be applied for a far longer period of time than in  
 standard mould closing. For this reason, more powerful  
 servo-motors with additional fans are available for injec- 
 tion-compression operations.

ENGEL coinmelt
Injection-compression moulding 
with small / medium-size machines
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The basic system: 
ENGEL duo injection moulding machines
The ENGEL duo clamping unit with its 4 pressure pads pro-
vides the constructive conditions for injection-compression 
moulding technology. The unique design characteristic of all 
ENGEL duo clamping units is autonomous control of every 
single pressure pad unit and the integrated ultrasonic meas-
uring system which allows the exact positions of all 4 tie bars 
to be measured under clamping force and during injection. 
Measuring during the injection process allows you to detect 
mould breathing as evidenced by position changes. The re-
sulting measure values can be used as basic data in various 
process models for active control of the pressure pads. 

ENGEL duo injection-compression moulding
Measurement of the tie-bar position in the pressure pads 
is the basic requirement for active position control and/or 
parallelism control, which are both required for injection-
compression moulding process technology. After volumetric 
filling the mould cavity, the mould is closed to the final posi-
tion over a defined compression stroke.

Software parallelism measurement
The "mould parallelism measurement" software supports 
comparative measurements with and without the injection 
mould. This allows you to discover parallelism errors in the in-
jection mould. Parallelism deviations up to 0.05 mm for both 
mould-halves can be detected.

Software compression sequence
The process steps required for compression are easily inte-
grated with the machine sequence. The example shows the 
settings for a "parallel compression" sequence in the "Ba-
sic" compression module; this is simple to achieve thanks 
to graphical "programming" via the ENGEL CC 200 control 
unit's touch screen.

The pressure pads are 
the compression unit

Injection-compression moulding 
with large-tonnage machines
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PROFI injection-compression package
including parallelism control

The "wall thickness correction" function lets you correct wall thickness irregularities (left) by "controlled skewing" of the mov-
able mould platen (right).
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Injection-compression moulding basic equipment
Speed profiles 3-stage (ENGEL CC 200: 5-stage)
Pressure profiles 3-stage (ENGEL CC 200: 5-stage)
Screw positioning control (for machines with servovalve for injection)
Compression parallel to injection without accumulator (reduced injection and compression speed)
Compression parallel to injection with accumulator (for machines with accumulator for injection)

Mould parallelism test
Platen parallelism during compression
Tie bar expansion compensation for measurement and closed loop control
Platen positioning and parallelism control during injection
Wall-thickness correction (deliberate skewing)

Platen distance

Wall thickness

Mould

Moving 
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The "platen parallelism" function ensures mould mounting parallelism at all times. Closed-loop platen parallelism control dur-
ing compression, closed-loop platen parallelism control during injection, or compensation for tie bar expansion in case of 
unbalanced load, e.g. by highly asymmetric injection moulded parts, are supported. The graphs shown above document the 
four pressure pad positions during compression.

Central machine functionality: parallelism control

Mit Regelung
Compression position

Deviation < 0.2 mm

with 
closed loop control Compression phase

Ohne Regelung
Compression position

Deviation approx. 5 mm

without
closed loop control Compression phase

Custom equipment packages
for specific requirements

ENGEL offers four compression methods:
The four packages are geared to match the requirements of 
this process technology.

BASIC: for symmetrical parts with large surfaces and
 central sprue

PROFI: for asymmetric parts with large surfaces

EXPERT: for asymmetric parts with large surfaces  
 made of compact and foaming materials

TECOMELT: for asymmetric parts with large surfaces 
 made of compact and foaming materials 
 and additional décor.
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Injection-Compression Package EXPERT 
with precision opening

The "EXPERT" option package includes the "Precision 
opening with platen parallelism control" module on top of 
the "PROFI" package scope. With this function the ENGEL 
duo clamping unit is not only capable of closing by a speed 
or pressure (force) driven precision stroke, but the complete 
functionality can also be applied to the opening stroke. 

Precision opening for superior surfaces
Controlled, active opening of the mould cavity serves on the 
one hand to facilitate mould filling with thin-wall moulded 
parts made of materials that do not flow easily, while at the 
same time avoiding surface defects ( jetting, disk effect).

Precision opening for foamed parts
Controlled mould opening is the basic requirement for the 
manufacturing of foamed moulded parts with a compact 
outer skin. Mould formation does not occur until the fully 
filled mould cavity is expanded by retracting the moving 
mould fixing platen such as is the case with e.g. visible parts 
with softtouch surfaces for automotive applications manu-
factured using the Dolphin method (see also pages 16 to 
19). The process conditions on opening the mould ("negative 
compression") define the foam structure characteristics.
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Injection-compression moulding basic equipment
Speed profiles 3-stage (ENGEL CC 200: 5-stage)
Pressure profiles 3-stage (ENGEL CC 200: 5-stage)
Screw positioning control (for machines with servovalve for injection)
Compression parallel to injection without accumulator (reduced injection and compression speed)
Compression parallel to injection with accumulator (for machines with accumulator for injection)

Mould parallelism test
Platen parallelism during compression
Tie bar expansion compensation for measurement and closed loop control
Platen positioning and parallelism control during injection
Wall-thickness correction (deliberate skewing)

Precision opening with platen parallelism control

TECOMELT 
injection-compression package
for moulded parts with textile and foil surfaces

The "TECOMELT" injection-compression moulding module 
adds process steps for back injection-compression filling 
of décor materials to the "PROFI" package. This method 
creates the technical conditions required for a low pres-
sure injection moulding method thereby allowing for non-
destructive processing of sensitive textiles or foils. Moulded 
parts in combination with textile surfaces are mainly found in 
automotive applications.

Door with TPO surface (BMW 6 series)

Door with TPO surface (BMW Mini)
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Injection-compression moulding basic equipment
Speed profiles 3-stage (ENGEL CC 200: 5-stage)
Pressure profiles 3-stage (ENGEL CC 200: 5-stage)
Screw positioning control (for machines with servovalve for injection)
Compression parallel to injection without accumulator (reduced injection and compression speed)
Compression parallel to injection with accumulator (for machines with accumulator for injection)

Mould parallelism test
Platen parallelism during compression
Tie bar expansion compensation for measurement and closed loop control
Platen positioning and parallelism control during injection
Wall-thickness correction (deliberate skewing)

Compression stroke extension up to 100 mm (depending on the mould height)
Clamping force reduction at the end of compression, 3-stage
Textile premoulding program 
Venting program
Tensioning frame function with proportional pressure valve
Post injection pressure switchover driven by cavity pressure

"Plastic glazing" roof insert for automobiles
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TECOMELT injection-compression package
Injection-compression equipment and application 
software for moulded parts with textile surfaces

Tensioning frame function:
To fix textiles inserted into the mould for subsequent over-
moulding tensioning frames are used as an integral part of 
the injection mould. These tensioning frames are controlled 
by a special core-pull function machine side. Sequence con-
trol is part of the TECOMELT injection-compression mould-
ing program 

"Textile premoulding" function 
In case of larger draw ratios one cannot rely only on the melt 
to shape the material. This would lead to creasing and seri-
ous deformations. This is why mechanical means are used 
to pre-stretch the material in the injection mould. Sequence 
control is part of the TECOMELT injection-compression 
moulding program.

"Mould venting" function
The "Venting" program function is designed to remove air 
and plastic fumes from the injection mould.

For tension release of the textile composite, and in particular 
to handle the foam layer of the textile composite in as gentle 
a way as possible, the clamping force is gradually relieved. 
This method helps to achieve best possible surface quality.

Production cell on the basis of an ENGEL duo 7050 / 1700 tecomelt
for automated manufacturing of large surface trims with décor function for automobiles

Car door trim
Door trims or large-surface covers with low 
draw ratios are manufactured directly using the 
injection moulding method. One special feature 
of the process technology is that many appli-
cations use a foam injection structure for the 
plastic part.

Articulating robot for textile and 
finished part manipulation, 

mounted on fixed machine platen

Tie-bar retraction device.
for easy mounting / removal

 of large moulds

Accumulator system for
fast injection

Periphery station
with logistics function

for textile cutting (feeding 
via pallet) and finished parts

Preheating station for
textile cutting
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Variothermal temperature control
Excellent surface quality thanks to dynamic 
mould temperature control

03 04

02

01  Lab-on-chip with moulded microcapillary structures

03  Enhancement of surface quality in foam injection moulded parts

02  TV screen frame with glossy "piano lacquer" look  
04  Plastic lens for optical system with nanostructured surface

Variothermal temperature control: for functional
structures and best-of-class moulded surface quality
The combination of the injection moulding process with vari-
othermal mould temperature control enables manufacturing 
of moulded parts with special surface qualities. "Variother-
mal" describes the way this works; that is, cooling of the 
injection moulded partition with a cyclically variable tem-
perature instead of a constant mould surface temperature. 
Variothermal process control is a combination of heating 
and cooling cycles.

The aim of this strategy is to take the mould wall tempera-
ture above glass transition temperature or crystallite melting 
temperature for a short time during filling of the mould to 
avoid the immediate cooling of the outer skin. Thereby sup-
porting "self-healing" of surface defects such as flow lines 
or bonding seams on the one hand, and enabling moulding 
of extremely fine surface structures, such as nanostructures 
on optical lenses, on the other. Although the principle of cy-
clical heating and cooling is identical for all applications, the 
methods vary, especially with respect to cyclical heating. 

In the standard injection moulding process it is typical that 
the mould is cooled with a constant temperature of the cool-
ing medium.

TM Temperature in the centre of the moulded part
TE   Surface temperature of the cavity

TM Temperature in the centre of the moulded part
TE   Surface temperature of the cavity

Before injecting, the variothermal mould temperature control 
heats the mould wall at the glass transition temperature or 
crystallite melting temperature of the incoming melt. After 
the filling of the cavity, the cooling of the mould starts – un-
til the moulded part reaches its required de-moulding tem-
perature.

The Effects:
Increasing the mould wall temperature sustains the melt flu-
idity for a longer time thus allowing for precise moulding of 
ultrafine surface effects (e.g. nanostructures as antireflec-
tion coating of plastic lenses) in the mould cavity. Variother-
mal mould temperature control also serves to remove weld 
lines and other surface defects in a defined way. This allows 
for glossy surfaces without coating.

Cold mould wall υW  υW< υS

 υW< υS
Hot mould wall υW
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Melt with source flow
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The solutions are currently just as numerous as the require-
ments to enhance surface quality. As variothermal mould 
temperature control is a fairly "new" method, none of the 
options has clear priority. The decision is mainly driven by 
power consumption and investment costs. Development 
work and testing is required to bring the method to series 
maturity. Talk to ENGEL AUSTRIA GmbH's application tech-
nology department for details of development cooperation.

The Methods
Various technical options are suitable for temporary heating 
of the mould wall during injection. 
01 Heating via a heat transport medium which runs se- 
 quentially through the same temperature channel as  
 the cooling medium.
02 Additional metal or ceramic heating elements  in the  
 mould, based on the principle of electrical resistance  
 heating and located near the surface.

03 Infrared (IR) heating by means of transportable (using 
 automation) infrared radiators. The coating on the  
 mould insert absorbs the IR radiation. During expo- 
 sure, the mould insert is lifted from the mould super- 
 structure to reduce heat dissipation. 
04 Inductive heating by means of an electromagnetic 
 alternating field which is built up by an inductor acting  
 externally, or integrated in the mould.

good fair poor

Heating / 
Cooling

Source: GWK / Kierspe - Germany

Integrated inductor External inductor

IR radiation

03 04

0201

Comparison of 
temperature control options 
(heating types)
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Technical aspects

 Mature technology

 Suitable for large-scale moulded parts

 High temperatures possible – suitable for all thermoplasts

Economic aspects

 No lengthening of cycle time due to heating time

 Low overheads for production plant

 Low overheads for mould

Mould
integrated

heating
External
heating

Fluid 
temperature 

control 



EXjECTION®

ExJECTION®

The combination of injection moulding 
and extruding

For moulded parts of a particular length
Fairly strict restrictions apply to injection moulding of long 
moulded parts due to the characteristic relationship of flow 
path to wall thickness in plastics. The alternatives are ex-
truded profiles, however, the extrusion process offers very 
limited options for combining additional elements such as 
surface structures or fastening elements with the profile. 
The EXjECTION® method combines both processes with-
out compromises. This technology gives you the ability to 
manufacture profiles with integrated mounting features or 
decorations in a single process step. 

The patented method was developed by Hybrid Composite 
Products GmbH and Ingenieurbüro Steiner, both of A-8724 
Spielberg / Austria. ENGEL AUSTRIA GmbH is the develop-
ment and sales partner.

The benefits:
> Long moulded parts can be injection moulded inde-
 pendent of flow paths/wall thicknesses
> Only requires a single injection point, therefore good
 surface quality
>  Continuous mould filling creates moulded parts 
 without weld lines
> Good shape stability of moulded parts thanks to low ori - 
 entation during filling and therefore low internal stress 
> Flexible method: combinations with other 
 injection moulding methods possible, e.g. with multi-
 component injection moulding or insert technology
 (insert-placing parts or decorative foils)

Process sequence 
The central element in the EXjECTION® method is a special 
injection mould with a mould insert that is movable at right 
angles to the main axis of the machine (injection direction). 
This "profile cavity" is moved synchronously with the injection 
step while the mould is closed. The moving mould insert not 
only contains the profile cavity but "injection moulded parts" 
of any shape that are connected to the profile. The fixed 
mould insert with the injection unit has a smooth surface.

It creates a seal with the moving mould insert, thereby allow-
ing for injection pressure to be sustained during cooling and 
lateral movement. To build up post injection pressure – and 
thus avoid shrinkage marks – the mould insert is moved lat-
erally with a configurable delay to the injection speed. Part 
removal occurs in the same way as on a standard injection 
moulding machine, manually or by means of part removal 
automation.

70 / 71

Process step 1
Start of the EXJECTION® 
process: Start of injection into the 
stationary mould insert

Process step 2
The mould insert is moved 
laterally in sync, however with 
a configurable delay time, with 
the injection step. The delay 
time allows post injection 
pressure to be sustained thereby 
compensating for shrinkage.

Process step 3
The laterally moved insert at 
its end position. The profile is 
completely formed. Fastening 
elements and structures, at right 
angles to the profile, can be 
integrated with the profile in a 
single step.

Process step 4
Removal in line with a 
conventional injection moulding 
machine – manually or using 
automation.
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