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Motivation

- drug delivery goes mobil

- drug delivery goes disposable

‘— drug delivery and it’s control has
to be small and cheap

- accuracy has to be as good as
for big devices
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The Smallest Plastic Micropumps on the
Market

USP’s:

capable for high volume disposable

Flat form factor

Non magnetic

Only ONE material in contact

® one chip driver battery driven
*0EM electronics for test :3-5V
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Characteristics

® Suitable for gases and liquids
® Low energy consumption < 150 mW
* Max flow rates

e 6-7 ml/min (water)

¢ 18 ml/min (gas)

® Max pressures ® Max Pressures

* 650mbar (water) e 250 mbar (water)
® 100 mbar (gas) e 30 mbar (gas)
® Size 30x15x3.8 mm3 ® Size 14x14x3.5 mm?3
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In-house volume production

batch processing

@

T

tracebility

373 500
Pressure (mbar)
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Animation Double Actuator Pump

ikrotechnik
Bartels®

www.bartels-mikrotechnik.de

@ikrotechnik
Bartels

WWW.micro- 8

Anmnnnantc nn m




microComponents?

Controlling the Micropumps

o -

*Main board Electronics: integration in system electronics
(requires 3-5V DC)

oElectronic directly integrated in pump housing
(battery or mains adaptor driven)

®0QEM electronics

el ab electronics
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Robust and reliable

e Lifetime >10 000 hours proven (5000 garantied at full power)

PPSU
® Steam sterilization according to DIN EN 554, 121 °C, 20 min possible
e EtO Sterilization possible (50°C, 10% EtO > 60% rel. Humidity)

e Durable under environmental composite temperature [ humidity @
cyclic test according to IEC 60068-2-38
(10 cycles of 24h from =10 °C to 65 °C up to 93 % rel. humidity)
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Disadvantages

® pump is unidirectional

1l

ume flow [ml/min] = o

® pump is hydraulically open in forward direction - =

*Pump is not 100% hydraulically closed in backwards direction

oflow depends on back pressure g W{\

e flow depends on viscosity - o

To overcome these disadvantages
- additional fluidic elements have to
be incorporated into system design
@ikrotechnik
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0. Introduction

Micropump behavior

A Biggest topic of
Ui > U2 such pump curve
is strong
backpressure
dependence of
flow

flow

pressure
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0. Introduction

Micropump behavior

A

Target of the
consideration is
to create a

flow 1 regulated pump
with improved

ﬂ oW characteristic
flow 2
\ J
pressu e
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1. Introduction

Advantages of a
Flow Controlled Micropump

® \arying system conditions can be compensated
® Flow is stabilized

e Monitoring [ Safety features can be implemented

® Empty reservoir detection
e Air bubbles

® QOcclusions in front [ behind the pump

ﬂl]:> The pump gains “intelligence”
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0. Introduction

Several possibilities to controlled flow
with mp6

1. Thermosensorpump:
Hybrid setup with flow sensor

2. Differential pressure sensor
Hybrid setup with measuring pressure drop on orifice

3. Piezosensorpump:
Intrinsic flow control by double actuator configuration
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1. Thermosensorpump

Thermal Flow Sensor
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1. Thermosensorpump

Thermal Flow Sensor

For high accuracies , specially for low flow ranges below 500 pl/min a
flow control can be realized by combining the micropump with a

thermal flow sensc T
A

working principle thermal flow sensor

@

¥

Heater
T or P=const.

Flow and temperature increase is physically
related!
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1. Thermosensorpump

In order to realize a requlated pump simplest approach is to
combine the pump with a flow measurement sensor

+ different flow sensor allow easy adoption to requirement
+ electronic control can be realized fro m simple setup up to high
sophisticated PID regulators

Liquid Flow Sensors & Liquid Flow Meters - Dverview
- additional and mostly costly hardware e
and electronics needed (e.g. Sensirion)

like medical devices, diagnostics and
our solutions,

Please click here to get to the selection table and choose the right sensor for your application.

Indusiry & Laboratory. Maximal Calibrated Flow Output

Sensors Model H20 Hydrocarbon (IPA)

5LG64-0075 ‘ Slfmin (20pmin) - RS485, FC
0430 50ulimin 500u/min RS485, FC

st -1000 @ Amlimin A0mlmin RS485, FC
2000 Smlimin 80mlimin RS485, FC

sLa.QT105* = 120miimin RS435

SL-HC60 . 8amlfmin analog 0-10V
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1. Thermosensorpump

Bartels Mikrotechnik has realized together with german
University Bremen of a thermo Sensor Pump

* Flow range between 60 - 5000 pl/min with +/-5 % accuracy

* Prototyped module of sensor and pump has been proven successfully

Flussrate ginin]

EE BB 8EB8888328883§8

Step response
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. Thermosensorpump

Special findings during examination

In a second layer a damper chamber and the sensor is fully integrated
into mp6.

T | R T i ) K S,

First protype
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1. Thermosensorpump

Status

- components industrial available

- complete functional devices not on “on stock” -
level available at Bartels

- experiences in system setup available

- basic mp6 can be a base for cheap sensor

implementation @
- thermosensor die’s are available since 2014
piezo Ti 5 T2
—— Valve foil

Standard pump Sensor extension
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2. Differential pressure sensor

Differential pressure for flow sensing
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2. Differential pressure sensor

Differential pressure for flow sensing

length |\ radius r
viscosity m
pressure p1 pressure p2
@
dV_?TTdAp ?T.T4ap

Law of Hagen-Poiseuille: 1 = — — 't
9 v dt 8.1 I 8-n dz

Flow and pressure drop is physically related!
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2. Differential pressure sensor

Differential pressure for flow sensing

A regulated system can easily be realized by the combination of
pump, precision orifice, pressure sensor and a control loop electronic

+ different pressure sensors available
+ electronic control can be realized from simple setup up to high
sophisticated PID regulators

@

- additional hardware electronics needed

Bartels Mikrotechnik has realized several projects involving
precision orifice and pressure sensor
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2. Differential pressure sensor

A new special Bartels Mikrotechnik approach use a mp6 as
a flow resistor itself:
(mp6-d.sense)

1. a first mp6 drive the flow

2. a second mp6 is in fluidic line as
flow resistor

3. a differential pressure sensor measure
the pressure drop and regulate a control
circuit to drive the second pump in a
manner to achieve pressure drop zero

4. the drive signal to the second piezo is
linear with flow

Flow Rate Min. to Maix.

Amplitude Min. to Max. [%]
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2. Differential pressure sensor

Control electronic enable different operation modi
(mp6-d.sense)

amplitude is

differential pressure
sensor

amplitude is differential pressure
sensor

coffrolled =~~~ ——=
It

actuator sensor pump on
mp6-d.sense actuator pump on sensor pump
pump mp6-d.sense

constant
constant
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2. Differential pressure sensor

Control electronic enable different operation modi
(mp6-d.sense)

the advantage is the use of a cheap
pressure sensor, which do not to be linear
or calibrated, but only accurate regarding
for pressure zero

Flow Rate Min. to Max.

Amplitude Min. to Max. [%]
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2. Differential pressure sensor

Status

a) precision orifice
- components industrial available
- well established

b) mp6 as sensing element (mp6-d.sense)

- complete functional devices small "on stock” - @
level (50 pieces) available at Bartels

- examination ongoing
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3. Intrinsic flow control

Intrinsic flow control

@ikrotechnik
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3. Intrinsic flow control

Self controlling capability by using double
piezo configuration

The mp6 pump is made by a compact stack of two pumps (like two serial mp5)

Measure time: 14:05:01
Measure date: 03.04 2006
‘CH1: 10.000V/DIV DC CH2:1.000v/DIVDC TBA:5ms TR: CH1-AC PT. 50

u A puls on the first piezo ( red line) will be visible
as a signal on the second piezo (blue line)

"IN N The pressure puls and even the closing one is
\ | clearly visible

CHI-—1

[

[

[

[

[

|
H 1+ Gursor |: 4,000 Gursor |I: 12,400V Diff. I-II: -8.4000V
H II: Cursor I Cursorl: 2,280V Diff. I-1I: -2,4800V
3675ms 1/dt: 272,109 Hz
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3. Intrinsic flow control

Self controlling capability by using double
piezo configuration

By choosing the the second piezo as sensor, flow parameters can be analysed

Doublepump flow indicator These signal on the second piezo is
, related to the backpressure.......
2T Hence: by choosing the second piezo as
‘,‘212 I “sensor”, flow parameters can be
H 01; — analyzed
’ 0 2'0 4'0 6'0 8'0 1(')0 120

Backpressure

Flow and piezo signal is NOT directly physically related!

@ikrotechnik
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3. Intrinsic flow control

first attempt technical realisation

l amplitude confrol l

{ driving voltage

[ sensing electronic

These officially presented technical
realization scheme is not the real

solution (electronically too complicated; not
accurate enough)

@ikrotechnik
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3. Intrinsic flow control

Actual status realisation:
Sensing lock-in mode

amplitude contra

l | rnenfer frecpency | * ‘

sensing electronic

rference in ‘

‘ driving voltfage

By 1 frequency 2

frequy
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3.1 explanation lock-in technique

Messsignal

® [N SdE

Multiplizierer Tiefpass/ [ DC-Signal
Integrator

-~

O

http://en.wikipedia.org/wiki/Lock-in_amplifier

Referenzsignal A
2

R = Phasen- ~

verschiebung

A lock-in multiplies a signal half
period with 1 and switch then to -1.

The change is precisely determined by A o T o T

the signal frequency. - . A S S

In an Integrator all signals not having e . g s

the right frequency or phase, will be
accumulated to zero. Only the signal
survives!!!!
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3.1 explanation lock-in technique

Some pictur

microComponentsﬁD

es to that ( hopefully not boring )

350

300

o AN ANAANA
IANANAWAWAN!

IRV REY
el A A Y

]

150

|
e
|t
I, g
——
-

50 500 1000 1500 2000 2500

A lock in multiplies frequency and phase
locked -1,1,-1 to the signal and create a
mean value which equivels the signal level

4000

o I/A\\ A I /A /A A signal with different frequency or not
B S I 1 phase locked create negative values and ‘Q’
e AL will not be visible in the mean value
“N A AT example with "noise” level + signal at same
ol \\ \\ \\ //‘ I/ II level show again the correkt mean value
7202 50* \4000 / 150/ ’2000 2500
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3. Intrinsic flow control

Results from lock-in mode

400

350

300

250

200

m 250

150

Druck [mBar]

100

n 190

50

= 150

04 06 08 1 12 14 16 18 2
Messwert [V] Q
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3. Intrinsic flow control

Results from lock-in mode

Messfehler = f(Volumenstrom)

o o 0ad ¢ “"‘ ’60:’0 :0 % o

°1 * * ’u 0‘ 0%; " “30000 4000 5000 6000
o P00 o

X 0”,"00’000
¢ o

-20
Volumenstrom [pl/min]

Comparison of measured flow with calculated one

5 6. <+
2 ‘0‘0“‘ ISCTIN

Fehler %
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3. Intrinsic flow control

Piezosensorpump
Intrinsic flow control by double actuator configuration

+ 0,5 = 5 ml/min with +/-15 % accuracy

+ based on standard pump mp6, unbeatable cost effectiveness
+ robust system with good gas bubble tolerance

- sophisticated electronics needed

- accuracy limited, even if each single pump is calibrated

- signal is influenced by several other topics (temperature, viscosity, aging of pump etc.)

ikrotechnik

Bartels®
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short summary

Key Properties of the two flow controlled micropump systems

Thermo sensor pump

* 60 - 5000 pl/min with +/-5 % accuracy
* Fast response time and stable flow

* Fully integrated system

* Patent pending

mp6 sensor pump (mp6-d.sense)
* 60 - 5000 pl/min with +/-5 % accuracy (preliminary date)
* Fast response time and stable flow

* additional pressure sensor ﬂ
* simple electronics Q
Piezo sensor pump (intrinsic flow control)

* 0,5 - 5 ml/min with +/-15 % accuracy

* Based on standard pump mp6, unbeatable cost effectiveness

* complex electronics

* Robust system with good gas bubble tolerance
* Patented technology

@ikrotechnik
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4. Application example

Realized system for drug delivery

retained parts
Li-lon charge _ display btll.ltEnlls

disposed parts _
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4. Application example

Achieving low flow rate by precision
capillary tubing

10000

—+—maximum performance

—=—70 pl/min with flow restrictor

1000 - —+—70 pl/min without flow restrictor
E
2 100
E £\
Z AN
= 10 1 \
1 : :
1 10 100 1000 o
rsears [ Laser cutted capillaries
@ikrotechnik 1 I ‘
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4. Application example

Realized system for drug delivery

Simple test for evaluating rough size of restrictor.

restrictor
Setup:
reservoir with DI-water

(1) tubing to pump = =
mp6 /
(2) tubing to sensor, restrictor in between of this tubing

sensor |
i P
(3) tubing to reservoir tubing (1) ] / ‘
from reservoir / PG with
/ flow meter software
The mp6 is controlled by mp-x: /
SRS signal mP'X /
100 Hz tubing (2) between tubing (3)
different voltages restrictor and sensor back to reservoir

Sensor
Sensirion LG16-1000D (0-1000 pl/min; calibrated flow form 30-1000 ul/min)
Sensirion LG16-430D-0-50-ttHminseat How-formi-50 in

== Y
Sensor software ;
LiquiFlow Viewer ‘ T 4 ‘

l
R . ol
>
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Test for evaluating rough size of restrictor - 1
Media: water. mp6, mp-x with SRS@100 Hz. Amplitude of mp-x for flow rate setting.
Flow meter: LG16-430D, reservoir bowl, large tubing

1000 -

- = - restrictor @40 um; length = n.a,, 0'Keefe

- —& - restrictor @50 pm; length=n.a., 0'Keefe

— = -~k - restrictor #100 um; length = n.a., 0'Keefe
£ 100+t g~ s e

E Qceliooiggt Ty - =% = restrictor #100 um; length = n.a., AirCom
2 4 restrictor §25 pum; length = 10 mm, IDEX
]

- N

g restrictor @65 um; length = 31 mm, IDEX
0 —— restrictor (65 um; length = 51 mm, IDEX
'

10 - : )
] —— restrictor 3100 um; length = 62,2 mm, IDEX

~ —&— restrictor #100 um; length = 71 mm, IDEX

Amplitude [V]

@ikrotechnik — lnutbdmb O
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4. Application example

Combination of pump and pressure
sensor in one device

Realized setup for intrabody
use

with incorporated

precision orifice and pressure
Sensors

—

improved low cost package
possible 5
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4. Application example

- Small and powerful pump
- enable a close to patient use
- PID requlation within requested control range

- enable different pharma packages

@ikrotechnik
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Resumee

- Small and powerful pump
- enable a close to patient use

- Useful even for disposable application

- Can be combined with different flow measurement techniques

- price level of flow measurement can be quite low in volume

- Accuracy of a drug delivery setup was shown

@ikrotechnik
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Bartels Mikrotechnik GmbH

Emil - Figge - Stral3e 76 A
44227 Dortmund
Tel.: +49-231-9742-500
Fax.: +49-231-9742-501
www.bartels-mikrotechnik.de
Info@bartels-mikrotechnik.de
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