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The Thermo Fisher Scientific Mission

Enabling our customers to make the world...
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Our History in Metal Detection

DSP1 APEX Intellitrack XR
.’"‘Qﬁ’s : 2
9
@ | @ ® @
Digital detectors 2006: Our fifth Technology and >30,000 Thermo
entered in the generation digital customer-driven Scientific MDs in

1990s metal detector improvements service today!

ADCs and digital 20% sensitivity * Multiple transmit “coils”
* Multiple frequencies

signal processors improvements

New product compensation

techniques

IP69K + ratings for thermal shock

300+ head sizes and styles for conveyors,
gravity and pipe apps




Contamination Threats to the Food Supply Chain

Feed, Fertilizer Fam Crop and Animal Veterinary Environmental Transport
Manufacturing Production Regulators Drugs Effects and Security

wwdiernouse CLNISUmeE wdsLle
Processing Packaging Storage Retail Sales Safety Disposal

Major sources
of contamination




Recalls and Causes

TOP FDA FOOD RECALL
CAUSES BASED ON RECALLS

. Mislabeling
10.9% oy 4.3%
Clusalrty
16.7% @
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1 (s 05 Crd 01 oo 013 4 O Contamanation Allergen
2 - ;
Y 2016 2016 2006 2016 2097 2017 2017 2017 2018 ) -.,_21 a'{:l 'ﬂ-?;,l a"rlt:l-‘I

 Recalls trending downward but still prevalent

« Foreign objects are 10% of recalls, even with metal detectors (and X-ray) in use

R L . ' .'. * ;
15 recalls of 1 -m|II|on units each per quarter! o:» Stericycle
- Data does not include scrap, rework or company-managed recalls Expert Solutions

Source

How do we keep making improvements?




Three Things Make Metal Detection Challenging in the Real World

1.Anything, anywhere in any product all the time
» Metal size, type, shape, position... Not spheres.
 Dry, wet, mineral content, salt, layers, temp changes ...

2.Product effects that look like metal in
electromagnetic fields
 Finding contaminants in air is easy
» Product compensation can mask contaminants

3.Small detection signals that are subject to many
types of noise

» Motors/drives, dirty power, vibration, temperature
changes, variation/drift...

- Effects can come and go, making problem
determination more difficult




How Signals Are Generated in a Metal Detector

 Balanced RF system used to detect small field differences
* Not actually antenna as drawn but loop coils around the aperture

« Thermo Fisher detectors use a proprietary multicoil design to make signals more uniform

Receiver A Receiver B Receive
= Receive
‘ >> > Product
Flow
Product
Flow
X-y
ThermoFisher
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What is a Phase Angle?

* Two different signals are generated
internally in a metal detector:

* Magnetic

SIXy
Jnsuse,

* Conductive
Metal Signal

* Various metals have different
amounts of each signal

* The ratio of the two effects is

=
referred to as the phase angle o9
(]
* Most products with water, salt, z:,
minerals ... also have phase angles E
* The product must be ignored Phase Angle
(phased out) while the metal must Conductive Signal Conductive
be detected Axis
ThermoFisher



Phase Out the Product AND the Metal: A Common Problem

Metal can line up with the product gem

be missed

Magnetic Signal

Product Phase-Out Region at 350 KHz

1.5 mm Non-Ferrous Signal

Product Phase-Out Region at 700 KHz

----- 2.25 mm 316 Stainless Signal

Conductive Signal

ThermoFisher
SCIENTIFIC



The Evolution of Frequency of Operation

» Typical range: 50 khz to 1000 khz

 High frequencies best for stainless steel (SS)
detection

* Reduce the frequency for “wet” products
* Low frequencies best for iron (Fe) detection
* Increase the frequency for SS detection

 First gen was to offer one or two frequencies,
generally fixed in hardware

« Second gen was software adjustable single
frequency

» More control and flexibility but still only one frequency
* Third gen was dual simultaneous frequency

 Pick from a fixed list of possible frequencies to use at
the same time

15

0.5

-0.5

-15

One, Two or Both Frequencies?

e {]= 300 khz e==———f2=150 khz

A compromise with
limited flexibility

10



There Is No Best Frequency for Detection

Why limit operation
to only one (or two)
frequencies?

* Varying reactions to
magnetic and
conductive properties

* False sense of security

* Impacts of size, shape,
position, orientation

11
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The Next Gen - Multiscan

- Scan arange of five user-selectable
frequencies

A ;
Run 50 to 100 khz range
Package, Out-phase 35.00430kt1z/OP - Each frequency set-up as a separate “virtual”
300 khz 2:3° metal detector
450 kHz 0.0° « Complete control for any application!
575 kHz
Multiscan with Five Frequencies
750 kHz
15
900 kHz "
0.5
0
an 13:42:47
HL' 05/09/2018 05
-1
15
e f1= 900 khz = {2= 750 khz e {3=575 khz fA4= 450 khz e f5=300 khz
ThermoFisher
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Real World Example Showing the Value of Five Frequencies

* 2.25 mm 316 Stainless Steel

Run =5 A ;?E%
Package, Out-Phase 36.2@350kHz/OP @ 31.01 m/min
350 kHz ‘ 220, -
575 kHz
725 kHz

900 kHz

13:59:10
03/01/2018

8 - apricots

* 1.4 mm Ferrous (lron)

]

£

Run S A CZ3wn
=3 v

Package, Out-Phase 36.4@450kHz/OP @ 31.02 m/min
350 kHz ‘ 220,

450 kHz

575 kHz

725 kHz

900 kHz

14:03:49
03/01/2018

8 - apricots

Run > A E'Ej-
Package, Out-Phase 36.7@900kHz/OP @ 31.03 m/min

350 kHz ‘ 0° 36

450 kHz ‘ ‘ 1220

725 kHz

900 kHz
36

C - 14:01:27
LA E G el A 03012018

Test Conditions
* 350 X 150 mm aperture
* Moist apricots in a plastic pouch

» Test cards placed in the center of
the bag and the center of the
aperture

« Conveyor speed approximately
100 ft/min

» Default sensitivity settings

13
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Probability of Detection

- Every detection system has a probabillity of an

escape

* Assume 1 out of 1 million packs =1 ppm

« At a pack/second, 16 hours a day,
5 days a week that is an escape about
every 3-4 weeks!

* That escape could cost thousands to millions
of $

» Escape factors:
« Type of metal, shape, position, product effect...

* So what happens if you have five metal
detectors back to back running the same
package at different frequencies?

14



With Multiscan, Probability of Escape Decreases Exponentially!

Probability of Escape in ppm

1.E+00
1.E-02
1.E-04
1.E-06
1.E-08
1.E-10
1.E-12
1.E-14
1.E-16
1.E-18
1.E-20
1.E-22
1.E-24

1.E-26

I

Number of Frequencies

B Additive probability

B Multiplicative probability

4
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Multiscan Can Reduce False Rejections Too

What causes a false rejection?
High product effect at a given frequency

Too high a sensitivity setting to find a target size metal
A system not designed to handle product signal variability
Sporadic noise sources
Thermal drift in the metal detector
Operator error
Multiscan reduces false rejections
Change frequencies
Use many channels to find the metal
Track product phase & temperature including auto-relearn
Noise immune design
Easy to use graphical interface




Noise Is Everywhere So Immunity Is Key

 Electrical — immune power supply with

filtering
- Electromagnetic — shielding and software
filtering
- Vibration — solid fill to minimize movement B LA LR *1 AR

of coils in relation to case

rt fl.l. ll-.l it e 1Y,

- Balance — every frequency being used is
electrically balanced

« Conveyor system ground loops — Thermo
Fisher Scientific designed/built conveyors

If there is still noise at some frequency just
adjust it or disable it!

17 SCIENTIFIC



Multiscan Performance Improvements

Fe non- 316 Fe non- 316 % %
Fe SS Fe SS Diameter Volume
On Air
(No Product) 1.3 1.3 1.8 1 1.2 15 16% 41%
Iron Fortified 13 | 123 1.7 B 1 13 23% 55%

< Cereal

Shingled Sliced ) o
‘@Cheese 1.4 1.9 36 1.1 16 24 26% 60%

e Wet 15 16 23 14 13 1.8 17% 42%
Spinach

0) 0
NOTE: 500 X 200 mm (20 X 8 in) aperture size, Sphere diameter in mm Overal I Averag €

18
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They way you test and certify
metal detector performance
makes a BIG difference!

Product and metal position in
aperture

Position of metal in relation to
product

Product temperature, consistency,
formula

Ambient temperature in the factory

Metal detector set-up; sensitivity
versus false rejection

Number of passes

=

e *IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Test falsa detects _#...
hrpl-ﬂlunmll i

i-'l'lhll'lllﬁ'lﬂ

Performance testing tips:
« Camer tha

package in the haad 1.
w' Keep tha matal ot tha mid line of thabead haight. 2. Tr
+ Placa mataks in multiple locations as shown in 3

tha pockages balow

Packaga carmarad in haad

A Final Consideration, Testing Process and Considerations (Be Careful)




So What About X-Ray?

Evaluate cost/benefit and then decide

 Price has decreased but is still 2-5x higher
« Machine complexity means more maintenance and shorter life

» Product effect is now density, finding small objects in big
packs is difficult

» Speed and belt size limits
- Best for these applications
» Metallized film or other metal in the package

 Non-metallic contaminants

 Desires for extremely small metal specs in products with high
product effect that changes randomly

20 SCIENTIFIC



How to See Sentinel with Multiscan at Pack Expo Today

* Go to booth N-5706
o www.thermofisher.com/Sentinel5000

 Talk to us about an in-factory “test
drive”

4

thermoscientific

WHITE P/

Why Multiscanning Technology Improves Metal Detection
and Food Safety

ad Product Manager,

Detection is Not Easy

to food"

again, ofi-agein contaminant detection approach
able.

producers

Thermo Fisher

ThermoFisher
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http://www.thermofisher.com/sentinel5000

Thank you

Questions?

Food is about
to get safer than ever

Introducing the Thermo Scientific™
Sentinel™ Multiscan Metal Detector

Discover the difference of Multiscan.
thermo
scientific
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bob.ries@thermofisher.com




