(;). NORGREN

quEEE%IJT:E =
g M REIE LR
& F

Breakthrough
Engineering



Norgren Confidential N\

{:') NORGREN,

i A 122 il 70 15
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Pressure regulator

e Whileflowis taking place
the valve will be held
open wide enough to
keep as close to the set
pressure as possible for
the flow demand

e As the flowrateincreases
so the pressure under the
diaphragm decreases to
open the valve wider to
maintain the flow close to
the set pressure
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1 cushion seal

2 magnet

3 cushion sleeve
4 barrel

5 guide bush

6 rod and wiper seal
7 front end cover
8 front port

9 reed switch

10 piston rod

11 wear ring

12 piston seal

13 rear end cover
14 cushion screw

S\
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Some Pneumatic history

1909 Westinghouse airbrake system

7 '7 1z
1 10"
10" Cylinder S
5 5" 7

Push rods This is a brake diagram, intended to show the lever and rod arrangements.
Pull rods It is flattened into two dimensions for that purpose. &ray areas give only
- Levers the general shape of the railroad car. Rod lengths are not accurate (and
’ Brake shoes don't matter). Lever lengths are accurate from the Ann Arbor Railroad
©  anchor point to frame drawings for a 77 ton gondola, #2000 to #2094, built 1968.

From wikipedia

IMI
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History of Pneumatic Inventions

1870: Alfred Beach patented a
eneumafic train subway in New

ork which used a giant
pneumatic tube

1871: Samuel Ingersoll created
the pneumatic drill

1887: John Dunlap used the 1st
air-filled tire

1890: Charles Brody King
created the pneumatic hammer

) NORGREN,
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Applications later

AR FLUE ———

Conveyed 4
product N
slugs [/

Vacuum receiver

Bag dump station Vacuum pump
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Printer |

Check Outs Cash Office

From Air Log

HOW MUSK'S SUPERTRAIN COULD WORK Maglev Reduced air
— technology pressure in

2 Current flows across Magnetic force is Jovitates the traun tunnel cuts

Electric current flows  armature and down directed towards end of
up positive rall negative rall rails which pushes

friction
armature and train forward

') NORGREN,
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; | Ballopn
. i e, i &
Ventilator / CPAP | | ¢ cosed

MXER - HE_ALIK | “—T B
E = =l }%‘ EHU A — u¥ u& HH _UZE deflatio?ma(ltg?ug ot

>
A closed, hand
B open)
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1. Gas supply =
2. Inspiratory valve = | : 4. Breathing circuit
3. Expiratory valve = = 5. Airway

~—+% 6. Lungs (patient)

Inspiration (air entering the lungs, contraction of inspiratory muscles)
Expiration (air expelled from the lungs, relaxation of inspiratory muscles)

IMI 10
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Differentiation:
Compact design !
High performance ATMOSPHERE
Integrated solutions

Special designed or modified products

Application-specific expertise and experience

with leading OEM’'s
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Temperature

Response time Power
consumption

Life Expectancy

Integration

[ ’-

Customer

specific solutions

for critical applications
- pp .

Pressure

repeatablity Precision

IMI 14
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FAS valve range

On / off

valves FLEXISOL  Chipsol Picosol Microsol Interface Intersol Minisol Bacosol
6.5 mm 8 mm 10 mm 15 mm Microsol 22 mm 22 mm 32 mm

&= 2 y‘

Media l& ‘ ‘ v

separated _

valves Chipsol PICOSOL PICOSOL MICROSOL MICROSOL MICROSOL MINISOL MINISOL
2/2 MS 2/2 MS 3/2 MS 2/2 MS MS-E PINCH 2/2 MS 3/2MS
8 mm 10 mm 10 mm 15 mm 15 mm 15 mm 22mm 22mm

t;-*' y

Proportional =
valves

{4 " -
Flatgrop

Chipprop CHIPREG FASPROP  Flatprop DA EQI/EQP
|M| 8 mm MFC 16 mm 16 mm 16 mm
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FAS applications
Overview
Medical devices Analytical devices Diagnostic Instrumentation Biotechnology
. i
‘1:{‘ - e

- Ventilator / Anesthesia *  Gas chromatograph « POC / wolecular diagnostics * PCR

* Surgical equipment «  Mass spectrometry * Hematology / Clinical chemistry - F (OW,CHtOW‘@t"H,

- Patient monitoring «  Gas analyzers * Peptide sgmtbes:zer
«  Water analyzers / TOC *  DNA synthesizer

IMI
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Medical devices
Ventilator / anesthesia machine

-\\\\ aroas l B ' . r
As o= \
».\\ I Bl -1zl o On / Oﬁ
wrt { ] valves FLExISOL Chipsol  Picosol Microsol Interface  Bacosol
—~ . J‘}__*.;-i‘,. s .2 6.5 mm 8 mm 10 mm 15mm  Microsol 32 mm

o A iy - ' ‘/'—!/ .  Sensor calibration

MO OO, /o - N * Flush / purge

121 o T ’_,,’,’/ "‘ - m _ mnmce O Nebulizer

* Gas selector

L
s o
o ) e
MAAAATON ’~\._
- e~ o
Jy R s ”
J &’ ‘Q
J ey . |
/ | - )

o 1] & U i E
. ) 7 W ' M
_ Flatprop
Proportional  chipprop FASPROP  Flatprop DA Flatprop EQI EQP
valves 8 mm 16 mm 16 mm 16 mm 16 mm CHIPREG
» Exhalation pilot valve * 02 /air | anesthesia gas dosing
(PEEP) + Drive gas flow control

IMI
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Medical devices

Surgical equipment

r-“’\“‘ ‘h JFP\ | /
K = i
N s R
~— valves Picosol  Microsol Flatprop DA
10 mm 15 mm 16 mm
* Shut off Gas dosing

+ Gas selection

Instruments:

« CO2 insufflator
 Laparoscope lens cleaning
 Plasma scalpel

'MG/OG/ZOZO IMI Precision Engineering Confidential 18
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Diagnostic Instrumentation

Liquid Handling Robots

 Media Separated Valves

* Rotary Valves

* Syringes

* Syringe Pumps

» Needles

 Manifolds

| NMM0612020

2-WAY MEDIA
SEPARATED
VALVES
3-WAY MEDIA
SEPARATED g
VALVES @ u

WASHING
STATION

LAMINATED
MANIFOLD

LIQUID
DISPENSE

NX3 SYRINGE
PUMP

LIQUID
SELECTION

ROTARY VALVE

S\

) NORGREN,

A
A

MICRO-LITER
DISPENSE

NEEDLE

IMI Precision Engineering Confidential 19
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Medical devices
Patient monitoring

I 0

FLEXISOL Chipsol
On / off 6.5 mm 8 mm

valves

» Sensor calibration
« NIBP Cuff deflation
* Gas switching

CHIPPROP
* NIBP Proportional 8 mm
e Gas an a|yzel’ valves « Controlling pressure of NIBP cuff

« Spirometer

IMG/O6/2020 IMI Precision Engineering Confidential 20
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Analytical instruments
Gas Chromatograph

CONTROL CT10
CARRIER GAS GAS CONTROL

-
Fry

| MM 0612020

Proportional
valves

¥

On / off Picosol  Microsol
valves 10 mm 15 mm

* Pilot for sample valves
+ Split flow selector

&

Chipprop

8 mm 16 mm 16 mm

N\ N
T
WV o

NORGREN,

1w § _@lﬂ:—y

FASPROP Flatprop DA

CHIPREG

» Carrier gas flow control
» Split flow control
+ Detector gas control (FID)

21
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Analytical instruments
Mass spectrometry

Example: ICP-MS Similar needs in:

ICP MS « Triple quadrupole MS

| ‘ | | | | - TOFMS

Sample Plasma lon lon lenses Collision/ Quadrupole MS Detector ° ICP—O ES
Introduction Source Reaction Cell
 Etc...

Focuses ions

. Detects ions and
Converts liquid Decomposes and removes Removes spectral Separates ions
sample to aerosol sampie matrix and photons and interferences by m/z transfers counts
P forms ions neutrals to data system

gl NN s

Flow control of liquid samples Flow control of carrier gas, Flow control of several y

plasma gas and auxiliary gas reaction gases
Ei_ ©

ON/OFF valves FASPROP
multiple sizes 16mm CHIPREG

IMI
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Analytical instruments
Gas Analyzers

Examples:

« Portable gas analyzer

« Flue / exhaust gas analyzers
« Dissolved gas analyzer

S\

AY
(i) NORGREN,
j £ | ' ' \
on / off FLEXisoL Chipsol Picosol Microsol Minisol Bacosol
n/o 6.5 mm 8 mm 10 mm 15 mm 22 mm 32 mm
valves
+ Differential pressure sensor calibration
» Gas sensor calibration (switching between sample and atmospheric gases)
» System purge
+ Gas sampling
O
‘\Q
&
@ %
3 &
: | CHIPPROP FASPROP FLATPROP
Proportiona 8 mm 16 mm 16 mm CHIPREG
valves

+ Sample dosing

» Electronic Pressure Control

* Flame lonization Detector (FID)
+ Gas mixing



“Analytical
Water Analysis

Sample Inputs

Analytic

[
7%
QHigh Speed Valve

Cell

|
1

¢

I E————
.High Flow Valve I'_ﬂ'_ : {

4 LI G

| NMW0612020

Reagents

G
v

Al Supply:

2
0

JA\

439.NORGREN,

3/2 MS Valve
(MICROSOL MS-E)

Sample delivery to the
analytical cell or to the
drain

2/2 MS Valve
(CHIPSOL MS or
MICROSOL MS)

Reagent delivery to the
analytical cell

IMI Precision Engineering Confidential
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Diagnostic instruments
POC diagnostics - Air over liauid

—
-

On / off
valves FLExiIsoL Chipsol
6.5 mm 8mm
Pressure Pressure
control control
Blosms y
Reagent R y ~
o E E
Chemical ]
Circuit Proportional  chipprop
nosd valves 8 mm CHIPREG
Exlsraaz?c':\ & 1% Stage
Preparation  Multiplex Pressure Flow control

PCR 2™ Stage PCR

control

lMd/O6/2020 25 IMI Precision Engineering Confidential
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Diagnostic instruments

Hematology and Clinical chemistry

Media-separated /
pinch valves

Proportional
valves

MICROSOL MS / MS-E

15 mm, 3/2 or 2/2

S\

AY

(i1d. NORGREN,
v

PICOSOL 2/2 MS Pinch valve

8 mm

« Sample, reagents and sheath introduction and mixing

 Cleaning function (water)

* Liquid introduction in detectors

+ Waste handling

| MM 0612020

Chipprop FASPROP Flatprop DA
8 mm 16 mm 16 mm CHIPREG
» Electronic pressure control
» Air-over-liquid control
26
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Biotech (43. NORGREN,
51@
] Bl MICROSOL MS / MS-E PICOSOL 2/2 MS Pinch valve
g ,j Media-separated / 15 mm, 3/2 or 2/2 S T
| - i = .
B = meh valves « Liquid dosing and dispensing

‘~~\. o= & == O + Reagents mixing
\ o= .

fﬁ {; g

CHIPSOL
_ FASPROP FLATPROP On / off 8mm
Proportional 16 mm 16 mm CHIPREG |
| valves Gas selection
valves Shut off

+ Pressure and vacuum control

lMd/OG/ZOZO IMI Precision Engineering Confidential 27
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Biotech )

Flow cytometry

NORGREN,

.<‘~:»
air pressurc d
A v
MICROSOL MS / MS-E PICOSOL 2/2 MS Pinch valve
e (hysmpepressure - Media-separated / 15 mm, 3/2 or 2/2 8 mm
(;) shcath pressure valve Y’ FCEU lator

flow + Waste handling
chanber

regulator pinch valves « Sample, reagents and sheath introduction and mixing
,1  Cleaning function (water)
l ! * Liquid introduction in detectors

Il sample tube
‘ ; & B
sheath fluid resevorr waste i | F P
= @

Proportional  chipprop FASPROP  Flatprop DA
valves 8 mm 16 mm 16 mm CHIPREG

i

» Electronic pressure control
» Air-over-liquid control

lMd/%/ZOZO )8 IMI Precision Engineering Confidential
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Biotech
Other instruments

Uberty2:iE,

‘i\'iiiiiiii"

-_1
|

-
-
~
s
N
N .
N
VW%
.

Peptide synthesizer DNA / Oligo-nucleotide
« Reagents and amino-acids mixing and g ==
dispensing SyntheSIZer N
Up to 40 media-separated valves per * Reagents delivery and mixing
instrument « Potential for over 100 media-separated y
&l valves per instrument
IMI Precision Engineering Confidential 29
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IMI Precision Engineering — Life Sciences

valves . i i
Svinge puwips. Inline ¢ Glass syringes Syringe pumps for continuous flow and
| precise volume dispense.
B D/ = &] * Rotary and solenoid valves for stream
‘ % selection
/ ¢ :
=/ o4 . road portfolio of syringes including zero

dead volume tips.

Manifolds and assembly solutions : .
y Custom Manifolds and Assembly Solutions

vacuum and I asscimbiies *  Multi layer, compact manifolds.
pressyre controls G BeIG . .
* Reduce leaks and optimize fluid paths.
* Mounted components such as valves and
regulators.

* Custom assemblies shipped fully tested.

30 IMI Precision Engineering Confidential
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FAS Proportional Valves

16 MM
VALVES

\ q
Uiy #g=
‘@ ”

)
W

LTI "‘

0300006

i‘E

o
Wiy #
0 i

FAS FAS FAS FAS FAS
CHIPPROP FASPROP FLATPROP FLATPROP FLATPROP
DA EQI EQP

IMG/O6/2020 IMI Precision Engineering Confidential 31
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FAS 16mm Proportional Valves

—

F General
Principle

Precision: Lift
Up current

FIO%/min]

Current [mA]

| MM 0612020

—
F FAS 1emm
Proportional
| Valve

). NORGREN,

WEYo

%\1 = L7
p Lot —%
] /?;\f; FAS patented
g flat spring and flat
in 1 plunger

High stability in closed

= loop control systems

IMI Precision Engineering Confidential 32
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FAS 16mm Proportional Valves
(Depemdimg on the valve type,
 different designs and options Cartridge or
L are available i manifold mounting
NBR, FPM FFPM Divect Acting coy’j\jfj;‘;;i@d

g—

Orifice sizes
From 0.05 to 4.6mm Direct Acting
or Pressure

Compensated

lMd/%/ZOZO - IMI Precision Engineering Confidential 33
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Product Offering: 16 mm Prop. Valves

Flow rate
~200l/min
High flow rate
range
~120l/min
~aol/min | b flow prop.
valve for
. analytical
~iel/min | pplication
Low flow rate
range ~20ml/min 0.05 mm
FASPROP FLATPROP FLATPROP FLATPROP

DA EQI - EQC EQP

Direct acting Pressure compensated

S\N
N
Y ©

NORGREN,

lMd/%/ZOZO IMI Precision Engineering Confidential 34
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FAS 16MM FLATPROP Direct Acting

1emm Direct Acting
Proportional Valve

Friction/ess

df""s'.g“ enables
high resolution

MW
1220326-00

Validated to 100
million cycles

Ovifice size
0.1 to 2.0 mm

lMd/OG/ZOZO IMI Precision Engineering Confidential 35



Norgren Confidential ST\

(9. NORGREN

14 ffT
/GD.Smm
- / kv = 0.17
Flow range =
"‘_E- 10 = torm 0,06
T
i -
g °c " T
0
; & /-/ //
o
s _ e
> // b--'"""----‘
©0.1mm
Z_f"'"ﬁ Pt
¢ kv = 0.0015

0 1 2 3 4 5 £ 7 8 9 10 11 12
*Testing conditions: Supply pressure [bar]
« Medium: air

= Patm: 1013 [mbar]

- T: 21.1 [°C]

| NMW06/12020

36



FASPROP 16 MM PROPORTIONAL VALVE

Linearity / Hysteresis & Repeatability
Hysteresis <10%

0.1 mm

Flow rate [stdL/min]

& 0.05 mm

Current [mA]
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Gas chromatography

Gas chromatography is a technique used to separate volatile
samples using inert gasses (He or N2).

The main function of GC inlets is to provide accurate, reproducible,
and predictable introduction of sample into the column.

Needs to control inlet flow from a few ml / min to more than 1250 ml /

min

Strength of response

Inlet
flow
control

Septum nut
with septum

S\

(9. NORGREN

Septum

purge
control

-

He, 2 bar

Liner.

s

= 51

L e

\.
Q o 0 20

| NMW0612020

4.0

6.0

80 100 120 140 16.0
Time (min)

Split Split
valve vent
(closed) control

Column flow rate
1 ml/ min

IMI Precision Engineering Confidential 38
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Gas chromatography

A flame ionization detector (FID) is an instrument that measures the
concentration of organic species in a gas stream.

An air/hydrogen flame creates very few ionized particles.
However, if a carbon-containing material enters the flame, ion
production increases.

Typical flow rate
* Carrier gas 8 — 10 ml/min

* Hydrogen: 30 — 45 ml/min

* Air: 300-450 ml/min

FASPROP is suitable to regulate flow and pressure supply

improving stability and sensitivity. Air H
(oxidant) (combustible) ~ Carrier gas

IMG/O6/2025ASPROP is suitable to regulate flow and pressure supply improving stability and sensitivity. IMI Precision Engineering Confidential 39
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IMI FAS MFC integrated solution.

On request, multi channels MFC system is

possible

/= Require your own device!
| NMW0612020 40
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Media Separated Valves

| NMW0612020

e—

MEDIA SEPARATED VALVES
Typical Applications

||

gl \.F
v 7 £ FTETN ‘\\\,
T .
1, ‘ , (

$

IMI Precision Engineering Confidential 41
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NORGREN,

N . ‘\\\\
; : N\ \\\\
7 - DETECTION
? _ P
|

Test sample Introduction Reaction Measurement
in a vial of reagent between sample
and reagent

lMd/%/ZOZO IMI Precision Engineering Confidential 42
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Liquid Handing: From Manual...

,7 ....But, how to handle thousands
¢ » of samples in the hospital???

Manual pipetting for a few sample...

lMd/OG/ZOZO IMI Precision Engineering Confidential 43
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... 10 Full Automated Workstation

A
A

Iy there any MS valve inside
Huws machane 27?

| MM 0612020 IMI Precision Engineering Confidential 44
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Automated Liquid Handling

Workstation

Syringe pump and valve 3/2 MS valve
“De-energized” “Energized”
Com '1! q Com
& = -‘\{ |
b e
= |
Syri =
m’;:g: ?ry-;lt?if
b ‘ . N, y
« SIP » « SPIT »

|M‘/06/2020 IMI Precision Engineering Confidential 45
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Other Potential Application: Water Analysis

| NMW0612020

Sample Inputs

Analytic =
Cell

| | I
A A 4
/ | [ &
(DHigh Speed Valve | . (Z[f

.High Flow Valve I'_ﬂ,_i_ f/;,
| gt

Al Supply:

Reagents

3/2 MS Valve
Sample delivery to the

analytical cell or to the
drain

2/2 MS Valve

’ Reagent delivery to the
d analytical cell

IMI Precision Engineering Confidential
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NORGREN,
Where are Needs for MS Valves?

Liquids, sensitive media, aggressive media, samples and reagents
> Ultra-pure water, blood, chemicals, reagents, samples...

Diagnostics, Analytical Instrumentation, Printing
> Automated liquid handling, flow cytometry...

Analytical Instrumentation
> TOC, Element Analyzer, Water analysis...

Printing
> Continuous Inkjet Printing...

T T —f Flow control, liquid dispense, drain, wash, waste
| Functions |

| MM 0612020 IMI Precision Engineering Confidential 47
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Product Offering
CHIPSOL PICOSOL MICROSOL MINISOL
2/2 MS 3/2 MS 2/2 - 3/2 MS and Pinch 3/2 MS
1 11 1 1 1 1 1 1 | 1 |
8 mm 10 mm 15 mm 22 mm
kv 0.1 kv 0.65 kv 0.6-0.8 kv 0.9-2.4

'MG/OG/ZOZO IMI Precision Engineering Confidential 48
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FAS Media Separated Valves

* USE WITH SENSITIVE MEDIA
%%* = = Samples or reagents

Ultra-pure water

° » Beverages

* USE WITH AGGRESSIVE MEDIA
Strongly acidic or basic liquids

Aggressive gases

-
L i
RAP AP

'MG/OG/ZOZO IMI Precision Engineering Confidential 49
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A
A

FAS Media Separated Valves

« SEAL MATERIALS:

)
P
— FFPM: KALREZ, highest grade, resistant against most CHEMICALS, most FEPM
expensive
— FPM: VITON, more cost effective than KALREZ, resistant against many FPM
CHEMICALS EPDM
— EPDM: minimally more cost effective than VITON, good for use with water and :
light bases & acids PEEK.
PVDF
- BODY MATERIALS: L
E]

— PEEK: highest grade, resistant against most CHEMICALS, most expensive

— PVDF: more cost effective than PEEK, good for use with water and light bases &
acids
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About PICOSOL MS

Embedded PWM
35/0.4W

24V bobbin

10 mm 3/2 UNI MS

Diaphragm & Seal
FFPM, EPDM

Orifice 1.2 mm, kv 0.65

Body: PEEK

— Internal volume: 72l

2 screws, manifold mounting

| NMW0612020
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Carry over / Cleanability / Internal vol

Prevent sample
cross-contamination

Already after about 0.15s, less than 1% of the initial vol is still
in the valve, representing a volume of 0.72 pl

— pu——

Fast and thorough cleaning of the valve

Virtually no unswept or dead volume

L_ —

t=0

t=0.01 [s]

t= 0.08 [s]
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For your customers...

PICOSOL 3/2 MS offers

| NMW0612020

mighest flow to
size ratio in
- the industry

e ———

Cleanabih'tg & —
low internal \/

volume

N\

') NORGREN.

A
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FAS Embedded Electronics
[E;mlieddgd]

..many options available...
C Integrated pulse width modulation (PWM)

S Plunger Detection Power Adaptation (PDPA)

S Enhanced opening time repeatability

C Larger input voltage tolerances
c Faster valve closing
C Current control for improved performance over

Temperature range
G Reverse polarity protection

C Led signalization
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FAS Embedded Electronics:

| MM 0612020

N\ N
T
WV o

NORGREN,

U/

¥ A S @
Valve without PWM ’ ’ ’

) Hold o
Valve with PWM ! B8 e M
32?;/%(?5;2?5:;% Closed Opening  Open Closing  Closed
Voltage to 12V e
thevave ov |

A B C D E
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FAS Embedded Electronics: PWM
Boost
@ @
Valve with PWM - i
— —
PWM is a very efficient way of providing intermediate
amounts of electrical power between fully on and fully off.
PWM is energy saving and avoids the overheating of valve.
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Paper
motion

N

MICROSOL INKJET —

' Ink Noz=zle
(piezoelectric
% 1 crystal) Plates

Aeel= S

Charging Tunnel
4
\ from [
generator constant
charge

control unit

Gutter

8

Ink
Return
Line&

—— MEDIA SEPARATED
VALVE — |
1

T

Ink Reseaerwvoir

HIGH FLOW VALVE
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Thanks
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