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Full-Liner in plastics processing
Overview Application Portfolio (1/3)
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APPLICATIONS

Automotive 

Technical Appliances 

Logistics & Packaging

Medical 

Beverage 

− Exterior
− Interior
− Under the hood
− Lighting

− Power Tools
− Construction, Gardening
− Consumer Goods
− Electrical Appliances
− Leisure and Sports

− Thin wall packaging
− Crates & Pails
− Pallets & large containers
− Special closures

− Surgery
− Pharma
− Diagnostics
− Healthcare

− Cosmetics
− Medical 

Technologies

− Beverage Closures

PRODUCTS
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New Site Laatzen I Hannover Germany / Overview Extrusion plant

Total land area:          97.000m²
 Dimension: Length:  ~0,55km; wide: ~0.11km
 Constructed area:     48.000 m² (multilevel)
 Production area:       29.800m²



New Site Munich Germany with a solar capacity of 9,1 MWp
Most modern plant for IMM in Europe

Total land area:          280.000m²
 Dimension: Length:  ~1km; wide: ~0.3km
 Constructed area:     180.000 m² (multilevel)
 Production area:       135.000m²
 Office-/Social-/Technical-/Event-Area: 45.000m²
 Parking slots:            ~1400 (10% with wall box)



PharmaSurgery

Medical Applications
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Crème pots,
Lids

Toothbrushes,
Shavers

Elements for medical devices

Petri dishes,
Blood tubes,
Pipettes

Drug touching systems

Diagnostics

HealthcareMedical Packaging & Closures Medical Devices

Implants,
Instruments



Longterm, reliable and trusthful partnership
Pharma / Medical industry is trusting into KM and KM products

ThHo
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Medical products and the different risk classes

Class III:
Heart catheter, Stents, Pacemaker,
Hip prosthesis, Heart valves

Class IIb:
Respiratory devices, Dialyse devices, 
Blood bags, Irradiation devices, 
Condoms (HIV)

Class IIa:
Tooth filling, Hearing aid, Syringes
(single use), Contact lenses, 
Disinfectant

Class I:
Thermometer, Reading classes, 
Wheelchair, Bandage, Hospital bed,

ThHo
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Medical products and the different risk classes
Medical devices in Europe - Distribution by risk class 2012

Source: Verteilung der Medizinprodukte in Europa nach Risikoklassen 2012 | Statista [Zugriff am 07. Dezember 2020]

Class III:
Heart catheter, Stents, Pacemaker,
Hip prosthesis, Heart valves

Class IIb:
Respiratory devices, Dialyse 
devices, Blood bags, Irradiation 
devices, Condoms (HIV)

Class IIa:
Tooth filling, Hearing aid, Syringes
(single use), Contact lenses, 
Disinfectant

Class I:
Thermometer, Reading classes, 
Wheelchair, Bandage, Hospital 
bed,

ThHo

11

https://de.statista.com/statistik/daten/studie/325915/umfrage/medizinprodukte-in-europa-verteilung-nach-risikoklassen/


Segmentation in MEDICAL – Wide range of requirements

Pharma Diagnostics Medical Devices Healthcare Medical Packaging

• Implants
• Instruments

• Petri Dishes
• Blood Tubes

• Vials
• Safety closures

• Toothbrush
• Shaver

• Elements for
medical equipment

Application
example

Clean production….. No req. or BRC-Level
Special 
customer
requests

Clean Room Production

Risk class
No Class required

Application
Volume

Product Business ( IMM with Robot)System

In vivio( body or skin)

ISO 5 GMP A                                                                  ISO 8 GMP D

Surgery

• Drug touching
Systems

System- vs.
Product
business

Risk Class III
Risk Class II b
Risk Class II a
Risk Class I

Risk Class III



Factors that affect the Quality of an Injection Molded Part (Partial List)  

Quality 

Material 
Properties 

Part Design

Hot Runner 
Design

Hot Runner 
Mfg. 

Mold 
Design

Mold Mfg.   

Mold FAT 
Protocol

Molding 
Machine

Material 
Drying Process 

Conditions

Validation

Clean room

Automation

Post-
Molding 

Ops

Assembly

Metrology 

Packaging 

Shipping 
& 

Handling 

Design for manufacturing
Thickness distribution
Material selection 
Draft
L/T ratio 
Side actions  

Shear viscosity 
Shrinkage 
Transition temperature 
Thermal conductivity 
Thermal diffusivity 
Heat capacity 
Moisture absorption 
Residence time 
Thermal sensitivity 
Poisson ratio 
Ejection temperature 
Dynamic mechanical curves
Dwell time

Runner diameters 
Runner layout 
Gate type 
Gate design 
Thermal expansion
Heater layout 
Thermocouple locations
Material selection  

Machining method 
Heat treatment 
Coating 
Machining tolerances 
Inspection 
Wiring 
Testing 

Gate location 
Gate design 
Runner design 
Runner layout 
Cooling design 
Ejector design 
Mold material selection  

Method 
Training 
Machining Equipment
Automation 
Heat treatment 
Polishing 
QC on manufactured components 
Assembly 
 

Acceptance criteria 
IMM  used at tooling site
Thoroughness of molding workbook
Gage R&R 
Metrology equipment correlation
  

Type of IMM
Dwell time
Repeatability  
Screw design 
Clamp force distribution  
Check ring 
Screw/Barrel design 
Barrel utilization 
Parallelism 
Structural design

Target moisture content
Drying method 
Moisture analyzer
Drying temperature 
Drying time 
Conveying system 
 

Injection vel. & press.
Melt  & Mold temp 
V/P Switchover % 
Pack Press & time 
Hold time Press. & time 
Cooling time 
Plastication time 
Screw RPM 
Back Pressure 
Transfer pos. 
Cushion 
Ejection force 

Validation  protocol 
Design of experiments 
Critical dimensions 
Tolerances 
High, Nom, Low Settings
Gage R&R 
 

EOAT design 
Robot repeatability & accuracy 
Robot endurance 
Camera resolution 
Conveying systems 
Structural design 
Automated inspection control plan
Containment of defective product
Environmental Stability

Design for assembly
Gate trimming 
Sterilization 
Decoration type 
Heat staking 

 

 

Inspection Method 
Inspection procedure
Fixtures 
Inspection equipment 
Calibration 
Gage R&R 
Training   

Part design
Resin selection
Part requirements 
Method 
Type of packaging
Environmental conditions  

Method of shipping 
Environmental conditions
Sensitivity of material to 
environmental conditions 
Part structural design  

Gate trimming 
Deionizing
Annealing
Machining
Painting
Lining
Decoration



CLEAN ROOM 



What is a clean room?
Clean room properties must meet specific standards

Pressure

Temperature

Colony forming units (CFUs)
(germs, viruses)

Particle load
(particles, skin scales, hairs, wear) 

Humidity

ThHo
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Clean room standards: Normal range for plastics processing
The count and size of particles is considered

Example:
Clean room class DIN EN ISO 8 allows no more than 3,520,000 particles ≥ 0.5µm in a cubic meter (m³) of air
Clean room class US Fed. Std. 209 class 100,00 allows no more than 100,000 particles in a cubic foot (cft) of air
A cubic foot (= 28,3 l) fits 35 times into a cubic meter

Applied standard Maximum particle load per m³
DIN EN ISO 

14644-1 ~ EG-GMP ~ US Fed. 
Std.209 

≥ 0,3 µm ≥ 0,5 µm ≥ 1,0 µm ≥ 5,0 µm 
European standard Global NAFTA (still the

most common std.)

1

2 10 4

3 1 102 35 8

4 10 1,020 352 83

5 A/B 100 10,200 3,520 832 29

6 1,000 102,000 35,200 8,320 293

7 C 10,000 352,000 83,200 2,930

8 D 100,000 3,520,000 832,000 29,300

9 35,200,000 8,320,000 293,000

Orange section: Relevant range for IMM

ThHo
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IMM and clean room technology
Combinations of IMM and clean room

* = currently only available for CX machines ≤ 200t

Room in room*
Highest clean room classes possible

Outside
often the „starter“ technology

Inside
still most common solution

Only the clamping unit is inside the clean 
room (working position)

For mold changes, cleaning and 
maintenance, the IMM can be moved 

outside the clean room  

The Filter Flow Unit (FFU) is mounted 
directly over the mold area of the 

clamping unit
For mounting or mold changes, the FFU 

can be moved over the ejector

The IMM is completely located inside the 
clean room 

The IMM must be prepared and equipped 
for clean room application

GMP class A
DIN EN ISO 14644-1 class 5 
US Fed. Std. 209 class 100

GMP class C
DIN EN 14644-1 class 7 

US Fed. Std. 209 class 10,000

GMP class C
DIN EN 14644-1 class 7 

US Fed. Std. 209 class 10,000

ThHo
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IMM and clean room technology
Combinations of IMM and clean room

* = currently only available for CX machines ≤ 200t

Room in room*
Highest clean room classes possible

Outside
often the „starter“ technology

Inside
still most common solution

Only the clamping unit is inside the clean 
room (working position)

For mold changes, cleaning and 
maintenance, the IMM can be moved 

outside the clean room  

The Filter Flow Unit (FFU) is mounted 
directly over the mold area of the 

clamping unit
For mounting or mold changes, the FFU 

can be moved over the ejector

The IMM is completely located inside the 
clean room 

The IMM must be prepared and equipped 
for clean room application

GMP class A
DIN EN ISO 14644-1 class 5 
US Fed. Std. 209 class 100

GMP class C
DIN EN 14644-1 class 7 

US Fed. Std. 209 class 10,000

GMP class C
DIN EN 14644-1 class 7 

US Fed. Std. 209 class 10,000

ThHo
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• Working elements of 
clampingsystem outside the 
clamp itself

• Clamp unit with minimum 
volume

Compact clamp unit increases the air change rate

For high cleanroom requirements (GMP A), leave only the 
most essential equipment in the cleanroom
.....all other equipment out if possible
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Application: 
• Vaccine container (clinical use) 
• COC for container
• TPE for stopper

Innovation:
• Production in GMP A
• Fully-automated production

Benefits:
• No sterilization required 
• Lowest reject rates thanks to fully-automated 
production
• Safer product – plastic instead of glass container



Nemera– Vaccine container (clinical use)

CX – range



Nemera– Vaccine container (clinical use)

CX – range



Injection molding machine

24



The all electric PX-series – outstanding flexibility
Wide range of clamping and injection unit combinations

Injection unit Unit Standard / Option
Injection speed 1 mm/s Standard
Injection speed 2 mm/s ZE 70.312
Injection speed 3 mm/s ZE 70.313

15 18 20 22 20 22 25 28 25 28 30 35 30 35 40 35 40 45 40 45 50 45 50 55 50 55 60 55 60 70 60 70 75 70 80 90
PX25 250 270 x 270        
PX50 500 370 x 320                  
PX51 500 435 x 385                  
PX80 800 420 x 370                 
PX81 800 485 x 435                 
PX120 1.200 470 x 420                
PX121 1.200 530 x 480                
PX160 1.600 520 x 470               
PX161 1.600 585 x 535               
PX200 2.000 570 x 520               
PX201 2.000 635 x 585               
PX250 2.500 620 x 570               
PX251 2.500 735 x 685               
PX320 3.200 720 x 670               
PX321 3.200 820x 770               
PX400 4.000 820x 770      

 Standard Configuration

n. a. n. a. 450 450 450 n. a. n. a. 

95
270 270 270 270 270 270 270 270 270 270 n. a.

SP 3000
125 125 125 125 125 125 125 125 125

SP 2000

SP 55 SP 100 SP 180 SP 250 SP 380 SP 540 SP 750 SP 1000 SP 1400 SP 2000
125

450 450 450 450

SP 3000

Typ Clamp
Force

kN

Tie bar spacing
h x v
mm

Injection Unit
Screw Diameter in mm

SP 55 SP 100 SP 180 SP 250 SP 380 SP 540 SP 750 SP 1000 SP 1400

Available 2020 - 2021
25



PX SERIES – POWER MEETS FLEXIBILITY

Ejector with a large stroke
(hydraulic or electric)

Fast and robust 
5-point double toggle

Integrated servo
hydraulics

Broad-based moving platen
on linear guides

Maximum free space for
parts logistics

User-friendly
MC 6 control system

Parallel servo hydraulic cylinder
for aggregate movement

Flexible control cabinets
and power cabinets

High-performance injection unit, 
präzise und effizient

High-end plasticizing unitsTwo platen sizes for each
clamping force

26



PX SERIES – POWER MEETS FLEXIBILITY – our Medical options

Automatic central lubrication 
(grease) of clamp unit for 
crosshead drive, linear guides

Automatic central
lubrication of toggle

joints & additional cover
for drive screw crosshead

Encapsulated belt 
drive for clamp unit 
(crosshead drive) & 

electrical ejector 

FDA approved hydraulic oil Corrosion-free platens Software documentation

Injection speed up to 450 
mm/s

Complete insulation of plasticizing 
cylinder

Big platens (xx1) and
extended mold heights
(also above ZE option)

Electrical ejector 

27



ORCA MOLD COOLING - MONITORED
Chapter

ThHo



Pipette 32 - cavities 
Customer: Thermofisher 
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Internal Reference: PX 81 – 180  (KM Order number 621258)



Pipette 32 - cavities  
Customer: Thermofisher 
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Internal Reference: PX 81 – 180  (KM Order number 621258)



APC+
Update & news



APCplus is the cruise control for your production process
No matter the circumstances – the outcome stays the same

°CDifferent 
operators

• Batch changes
• Humidity
• Filler content
• Regrind
• …

• Humidity 
variations

• Seasons
• Day & night
• …

• Wear effects
• Functionality 

of non-return 
valve

• …

Temperature
fluctuations

APCplus keeps your production process 
constant in all conditions!

shot
volume

5



Shot weigt varies depending on the time of day
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Shot weight varies depending on the time of day 
Conventional: Constant changover point (holding pressure)
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Conventionel:
Constant changeover point

Manual 
correction
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Production
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Shot weight varies depending on the time of day



APC stabilizes the shot weight
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APC plus stabilizes the shot weight 
Adaptive process control with APC plus
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Conventionel:
Constant changeover point

With APC:
Adapted changeover point

• Shot weight with APC
o Shot weight without APC



Selection of the plastic material – Material Database
APC plus / Referencing
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Adaptive process control
Potential benefits with APC plus

43

0 Zero-defect production

Your benefit:
−  Significantly lower reject rates
−  Constant high part quality

Reduce material costs

Your benefit:
− Enormous cost reduction potential
− Increase of recyclate proportion

Easy to handle

Your benefit:
− Reduced downtime costs
− Easier to use and faster ramp-up

Energy & cycle time saving

Your benefit:
− Significantly lower energy costs
− Increased production output

APC

COGS

APC plus stabilizes the processes and maximize profits



RESIDENCE TIME & TORQUE MONITORING
A forgotten parameter in the injection moulding process



Residence Time Monitoring ensures optimal thermal stress on the thermoplastic melt 
smartControl MC6

Residence time: 
Duration the plastic melt remains on the screw until it´s finally in 
the mold cavity

KraussMaffei Residence Time Monitoring:

• continuously calculate the age of the plastic melt in the 
plasticizing unit of the current cycle

• ensures optimal thermal stress on the thermoplastic melt
• shows the residence time in the actual value log and 

compares with the target value of the respective cycle

• Standard in the MC6 control system
• Available for thermoplastic applications

5/31/2024

Illustration in the MC6 control



Plasticizing Torque Monitoring ensures optimal mechanical stress on the thermoplastic melt 
smartControl MC6

Plasticizing Torque: 
Force acting on the melt during the plasticizing process

KraussMaffei Plasticizing Torque Monitoring:

• continuously calculate the plasticizing torque the 
material is processed of the current cycle

• ensures optimal mechanical stress on the thermoplastic 
melt

• shows the plasticizing torque in the actual value log and 
compares with the target value of the respective cycle

• Displayed in the curve configurator

• Standard in the MC6 control system
• Available for thermoplastic applications

5/31/2024

Illustration in the MC6 control



QUALIFICATION – VALIDATION
GMP DOCUMENTATION

Chapter

ThHo



Each customer has different requirements
Customer requirements – UserRequirementSpecifications URS for IMM

ThHo
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URS

verifies

verifies

verifies

User Requirement Specification
Lastenheft

Operative excellence based on zero-error tolerance
Qualification steps – V-Model – a closed loop quality system

ThHo
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URS Specification sheet / Quotation
Pflichtenheft / Angebot 

FS
Functional/Technical Specification
Detaillierte Funktionsbeschreibung
Planung Maschinendesign (1.Stufe)

DQ
Design Qualification 
Dokumentenerstellung

Planung Maschinendesing (2. Stufe) 

DQ 
IQ

Design / Installation Qualification 
Assembly & Commissioning
Montage & Inbetriebnahme 

FAT
Factory Acceptance Test
Qualification test at KM site
Qualifizierung im Werk KM 

IQ
Installation at customer site

Montage & Inbetriebnahme beim 
Kunden

SAT
Site acceptance test

Installation Qualification
Qualifizierung im Werk des Kunden

OQOperational Qualification

PQPerformance Qualification
Process Validation 

PQApproval of equipment and process
Freigabe

Transfer* to customer or partner
* Or extended FAT together with mold, automation in KM site
and later on transfer.  Depends to customer and project



Molding parameter recording for process validation

Ideal situation: Setting and monitoring of all parameters of all components of the production cell by injection molding
machine control
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Automation, conveyor, 
separation of parts for
quality control and reject

Hotrunner controller zones
integrated in IMM or external
controller via interface

Mold chiller connected via
interface (for example 20mA, 
Euromap 82.1 or other)

Mold cooling water flow
monitoring

Tolerance monitoring of
all components included
in production cell



Ancillary equipment control / monitoring
Setting & monitoring of hotrunner and chiller parameters and tolerances

Integrated hotrunner controller External mold chiller

53



Example of continuous monitoring of shot weight by IMM control

54

Adherence of validated processes in long-term operation

After take-out from mold the robot places
the parts on a balance and then on the
conveyor (if weight is within tolerance)

In addition or alternatively to weight
monitoring also visual checks by camera
can be integrated.



Simple, Fast and Safe

SMART OPERATION
RUN A MACHINE WITH 2 BUTTONS



With smartOperation for injection molding … as simple as making coffee

Switching on

Preparing

Producing

1

2

3

Switching on

Inserting capsule
Positioning cup

Making coffee



Dramatic influence on the production KPI´s – OEE, waste of material, shift costs …

SITUATIONS for Experts PRODUCTION KPI´sCHALLENGES

− Start-up a new mounted mold
− Restart a mold after interruption
− Production end stop for mold 

change

Easiest operation with smart Buttons 
enables “everybody” to run the mold
Value metric: Labor & Training costs for 
employees

Shorter ramp up time specially when 
experts are not available
Value metric: Improved OEE

Integrated documentation and expert 
knowledge for the operation
Value metric: Documentation effort, Consistent 
quality

Standardized operation process
Value metric: Availability

Less plastic during start-up
Value metric: Material costs

− Worldwide large gap in molding 
experts

− Experts are not 24/7 available
− Complex processes can only be 

operated by a few employees
− No fixed procedure for each mold
− Frequent change of personnel
− Many low-cost unskilled workers in 

production 
− Missing documentation of specific 

work instructions for the operation
− Risk of unskilled operators setting 

the process wrong



#Strengthening global set up and collaboration
Take Away Message

 Define the requirements and fit the equipment to
….but still be flexibel

 Smart functions like APCplus & smartOperation
boosting the performance of your production

 Our Know-how in e.g. screws, plastizicing and 
engineering design drives your OEE

 Our DWELL Time monitoring will give you even
more security for a high quality production

 KraussMaffei is investing into new plants for your
future requirements



32-fold blood vial tube (75 mm)
PX 251 – 1400 (KM order number 621701)

- Application: Medical
- Shot weight: 68 g
- Cavities: 32 
- Cycle time: ~ 7 s
- Clamp force: 2.500 kN
- Injection unit: SP1400 D60 
- Material: PP 9074 MED
- Automation: Hekma – side entry
- Mold:  Vasantha 
- Hotrunner: Mold Master

Visit us at booth W600 



Videos on YouTube:

• KrausMaffei Medical PX with 96 cavities in 5.7 s: (39) Maximum efficiency in the cleanroom – Insulin pen caps on a PX 200 - YouTube
• KraussMaffei Medical PX with Pipettes: (39) Pipettes for medical technology - PX 81-180 Medical – YouTube
• Video and Demonstration LSR: (24) Micro Injection Molding with Liquid Silicone Rubber: Live-Demo KraussMaffei Technical Centre – YouTube
• SmartOperations: smartOperation – simple, fast and reliable machine operation in production – YouTube
• SmartAssist: SMARTASSIST - YOUR INSTANT-SUPPORT – YouTube
• APCplus: KraussMaffei APC plus - YouTube
• SocialProductions: socialProduction | Production. Communication. Mobile. Intuitive. – YouTube

Further links:

• KraussMaffei Homepage – Medical: Medical technology – KraussMaffei
• Industrie 4.0 topics: https://www.kraussmaffei.com/en/our-products/digital-products 

Contact: 

Thomas.Hoerl@kraussmaffei.com

https://www.youtube.com/watch?v=se11GWYPur4
https://www.youtube.com/watch?v=e3lj4P3XMGo&t=3s
https://www.youtube.com/watch?v=MtoQ9mzFjBw&t=352s
https://www.youtube.com/watch?v=SslVJUp4AHc
https://www.youtube.com/watch?v=o3CCpeXdFF0
https://www.youtube.com/watch?v=ddOcqx6iOoI
https://www.youtube.com/watch?v=S0VwJW3ou3M&t=5s
https://www.kraussmaffei.com/en/our-industries/medical-technology
https://www.kraussmaffei.com/en/our-products/digital-products
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