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systec

M1974 systec Ausbausysteme
B Engineering Company for Building Autom.
B Engineering for Lightsystems
M1981 systec POS

B 1994 systec Controls

B 1999 Ungurean Service GmpH

H 2000 Wieth Racing

B systec Group approx. 220 Employees


http://www.wieth-racing.com/index.php?eID=tx_cms_showpic&file=uploads%2Fpics%2Fpict6035_01.jpg&width=800m&height=600m&bodyTag=%3Cbody%20style%3D%22margin%3A0%3B%20background%3A%23fff%3B%22%3E&wrap=%3Ca%20href%3D%22javascript%3Aclose%28%29%3B%22%3E%20%7C%20%3C%2Fa%3E&md5=982bf73a9385969d4227340435282ade

5y5fEE Systec Controls H#s
CONTROLS

Systec Controls = M EERERELEFRK

* Development and Production of Best available

technology products FFRAEFBRIRFEHIFE R
- ,Niche“-products with a high value for customer 5&#/|%& M InE =
- Extension of the national and international sales ¥ 5k A& E M E RT3
HE

In China # [&:

2001: Co-operation with Maxonic, &1E7)Il Maxonic (Industrial TV~

fin)

2014: Co-operation with F-Diesel, & 1E iV 5 (Automotivei< 4=/~ i)
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I=4V/—1{—] m] Flow Meter for Gas, Liquid and Steam deltaflow
CONTROLS RS . . R EN =TT

Application M H: Stack gas
CustomerZ f°: Aventis
CertificatesiE$5: 13 und 17.
BImSchV

Advantageffi %

« venturi 400% more expensive

* thermals mass flow meters drift
* precise multipoint

Application™ H: high pressure gas
Customer® F: Gaz de France
CertificatesiiE{5: PED / Ex
Advantages{iL#:

* orifices get flooded

 vortex did not work

* insensitivity on condensates and
particles




5 5 tE Deltawave Ultrasonic Flow Meter / deltaflowC

7] == 2 B2
pfi-bda-ll Deltawaveili /il / DeltaflowC

Clamp-on ultrasonic
Flow meter &= s it

deltafiowC
Low-cost gas
mass flow meter

(R R AS L =Tt



systEE Automotive Productsi5ZE = M

ryrrryxrl Truckflow

Application MH:
Air-, EGR-, Exhaust Massflow for Trucks /
Off-Road

K EMIFERMFEETS . EGR. KRSRENE
Advantages fL#:

« Robust, 1.000.000 miles it FH

« High Accuracy ¥ E &

- Low calibration effort #5 5 faj B

TFI4 TFI4-2P
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Daniel Bernouli, 1700-1782

'l

Bernouli:

An increase in the speed of the fluid
occurs simultaneously with a
decrease in pressure or a decrease in
the fluid's potential energy.

(energy conservation)


http://en.wikipedia.org/wiki/File:Daniel_Bernoulli_001.jpg
//upload.wikimedia.org/wikipedia/commons/5/54/Venturifixed2.PNG

aysinc

Bernouli s Law

% V u’+ pV :const.zg,ov U, + p,V

Kinetic Pressure
energy  energy

2

Pitot tube: u,=0 dp =P, — P, = '0;1
Mass flow equation:
7D?
G = Ks == - &/2dp p(p,T)
constant to be masured and calculated

(1ISO 5167)



s_ycs t EE Schematic of Venturi mass flow meter
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« primary element. mechanical device to create dp

 sensors: p & T-sensor for density calculation, dp-sensor for flow (can be
separated from primary element)

« flow computation to solve flow equation

7ZD2
Gn = Ks == - &42dpp(p.T)



sys t EE Systec pitot sensors for Daimler truck engines
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Analog
dp sensor

Analog p/T-sensor Pitot probe

e

Mass flow calculation in ECU



sys t |—] =) Integrated Solution by systec Controls
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Conventional solution Superior: TFI4 Truckflow
Sensor

, Truckflow Integrated”

dp Sensor, s

Bosch

Daimler 900 / 4000 series, 2006 Liebherr 2011



eiidgmrieser

Mass flow equation

m=K-A -g-2p-dp

_ paIPal
R-T[K]

TFI4

yo,

Calibration factors:
K =1 (Al,A2,approach factor)

¢ = f (venturi geometry)
density correction

T

Venturi nozzle: DIN EN I1SO 5167-3



Reasons of Development
5-”%!5 Fs R TFIA4E B8 5 A

2001 Daimler looked for EGR-Sensor alternative

20014 E B8 F R ZREGRMER TR
 Robust >1 Million miles for US engines Al &8t 1 H H I EKEE KL
« Low cost f&RZ

« High accuracy for achieving EPA7/10 limit with fresh air measurementZ-F

EPA7/100 EifE EHrEt = S om Pl &

Problems with EGR sensors: EGRI#MI & 1 ] &5 :

- dp-Sensordrift with Temperature and Moisture A EIEERE XL THEZN
BEER

- dp-Sensor Deterioration over time (acids!) EZNEFER R ZE (FRPEYH !
)

« Soot layer on Venturi 3 & k15

 Blockage of dp-lines EEM&E EHEE

* Freezing of dp-lines |EZEN&EIES K

« EGR Backflow can’t be detected it FM AR EGREF

Accuracy >5%, in the field >15% insufficient for
upcoming emission levels!

SIS EIRZE>5%, LRR LI IRZE>15%, AEEH ETEESR !



Reasons of Development
5-”%!5 E X TFI44% 28 5

Required Accuracy Freill &G E:

EGR Rate | EGR

% accuracy
%

10% 10%

20% 5%

30% 3.3%

40% 2.5%

50% 2%

Achieved Accuracy with Kavlico/Sensata:
Daimler: 5-10% at Testbed; >10% in field
ffFKavlico/Sensata, BHEhsLIG SR ES5-10%, 5L
b LIRS E>10%.




s5ystec

CONTROLS

Error by DP-Sensor drift:

Sensor |EGR DP- DP Mass
Flow Signal | drift Flow
[kg/h] | [mbar] | [mbar] | Error
Kavlico 180 192 7 1.8%
18 4.5 7 60%
Sensata 180 192 2 0.5%
18 4.5 2 20%
TFl4 180 192 0.2 |0.05%
18 4.5 0.2 |2.2%

K TFIA45 333 R

Tk EZE RS ERNERIRE

typical EGR Venturi
with D=32mm Inlet
and d=14mm Throat



systEE Reasons of Development

CONTROLS

T XK TF144% %45 5 B
Error by Soot layer on Venturi: EEERYS Jer 4 FiR 2

Soot layer Mass
Thickness |Flow

AR JE JE Error typical EGR Venturi

0.1mm 1.5% with D=32mm Inlet

0.3mm 4.4 and d=14mm Throat
. 4%

0.5mm 7.4%

1.0mm 15.2%

Accuracy <5% for EGR unrealistic In field
EGRii £ 5L s T T Joigih 2 5%k &




S_KStEE Systec Solution: TFI4 Sensor

ONTROLS

K FF R TF144E [ 28
Heavy Duty £t %} B % 4m7 2 11

High accuracyfi /& <2%
CAN Bus, CANiHf

TFI4 \ Flexible Positioning on engine
=7 B R
P/T-Sensor integrated
TFl4-2P £ R TR S AR IR AR

Low calibration effort

B 7€ AR

ECU: Bosch EDC17 / Delphi OBD ready for
EPAL17

% TBosch EDC17L & Delphi ECUHRJET %}
EPA17 1JOBDIjEE
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CONTROLS

LIEBHERR ©) BOSCH
DAIMLER MU B IRDURK IS 2 5

AT S DELPHI




syStEE Reasons for TFI4 % /7 i I TFI4)5 X
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Lower fuel consumption, Robustness 40000h / 1M Miles,

DAIMLER better Engine Control (power)
PEARIFE AIFETELY . RIS 4R

Robustness 15000h heavy off-road appl., low calibration

LIEBHERR -ffort (>100vehicles), dynamic hydraulic power control
FIEEVELT . AR AR GEEE 100FH 28D, BhasPE gLy

Better engine control (Power, lower fuel consumption)
lower Adblue usage/ Fast substitution of HFM in Series
MAN BRI R SIPLEESR (DhR. KMFE) .« ifbAdblue. HiE
HKHFME =




systEE Reasons for TFI4 % /7 i I TFI4)5 X
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Improved Adblue dosing, Exhaust Mass flow,
Lower fuel consumption, low calibration effort,

A

pAnG\N‘:éan fast time to market (SOP)
CAME DEUTZFALn  AdbluetzEfdil it RS =E IR, trE AR, &=

7 N I AR

Better engine control: high accuracy Fuel/Air Ratio;
=no DPF, no SCR for low power 4cyl engines Tier 3B,

“ c B Tierf 4f( low power engines)

Low calibration effort => substitution of HFM in Series
AR R SIS mRE R Rk A L

=>JEDPF, JGSCR (KIJZAFHIHL, Tier3B)

R € A => & AEHFM



5 stEE Outlook from Bosch for China Engines {8t # i}
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System Strategy for CN6 .

Open loop EGR control Close Loop Control

-Calculate lambda for dynamic smoke limitation *OBD monitoring

3 No strong air mass measurement requirement, ‘Provide EGT exha.ust ctrl, increase SCR efficiency
model air mass sufficient Temp. control during DPF RGN

Tolerance control for lifetime and fleet

*Realize EGR valve close loop control
«Calculate lambda for dynamic smoke limitation

- Air mass measurement as additional option

Integrated SW functions for different air system

Boost pressure| ™\
- Open loop Y
Delta-P
venturi

Sensor after intercooler for fresh air - 2014
Delta-p venturi for EGR mass - 2014
Open loop with BPS for fresh air - 2013

SW synergies between CN4 and CN6 through SW switch for open/close loop
B B R T E S HF AR D) # A e B3 A EUEGR 5



sys t | —J = Trend for CNG engines < A%
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icct CNG Bus Emissions Roadmap:
1ICC1
zurezzs from Euro Il to Euro VI

DIESEL CNG o/kW? DIESEL CNG

EUROI | 180

EURO 1 |-- S -10.36

LEAN BURN CNG

CONVENTIONAL
DIESEL

EURO Il 70

LEAN BURN CNG

50 EURO N 025

EURO Il

-
=
o
=
(=]
-l
2
Q
-
=
w
Z
o
o

EURO IV 35

NCED DIESEL
Electronic fuel control

EURON fp~--3 |
RNl

TR .
()

ADVA

EUROV |-~ 20

NCED DIESEL

e EGR

ADVA

m‘.’"
EUROIV-V}-1 1 & -~ 84003
EURO VI v

EURO VI 0.01

FIGURE 3. Technology evolution of heavy-duty engines to meet more stringent emission standards in the EU and the US

Trend: Diesel: EGR+SCR CNG: stoichiometric
HFIL Byl EGR+SCR, SAAH. H“EPR)x




5 stEE Trend: Fresh air meas. has more benefit for
comtTroLs REUCHUILGEEROUEDN el 90 EET T

Diesel4&iHiHl: EGR+SCR

TFI4 benefit vs. EGR-M. #if 2 < im TFIAMH A EGR

M= P

* high accuracy fuel/air ratio over lifetime of engine
FEKTF Ay WL = B3 RS B B =

» Robustness, long term stab. B 5& 4 55 i

» Fast time to market 7 3 H &g & R

» Low calibration effort S A& IR E A

* Improved Adblue dosing ¥ 15 #JAdblue Al A 35 ]

. Kl S & HLEGRmM
ERHEK!




systEE Trend: Fresh air meas. has more benefit for

comtTroLs REUCHUILGEEROUEDN el 90 EET T

CNGSAEH: stoichiometric X4 & BR1E

TFI4 benefit: TFI4/E IS 3

» high accuracy fuel/air ratio Akl FL 4% ]
=> lower fuel consumption FEKERENH FE
 defined power output by improved CNG

dosing FE{IC AR il e R BE A2 Y D % A

. Kl S & HLEGRmM
ERHEK!




Mass Flow Sensors and Trend
Sy ST ELC el
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1980 2006 2008 2009 2012 2015 2018
DDC: >|?
EGR/Kavlico EGR/Sensata HCM

‘& Daimler: Daimler: >

, Pitot/Systec/Bosch Pitot/Systec/Sensata

e

Bosch
quits Ultrasonic

Continental
quits Ultrasonic

TFl4 Development | Systec >

2007-2012
YNl AVL 3 TFI4 Systec

LIEBHERR M\ MAGNA TF14B >
+ Bosch 9

Pitot sensor




= stEE In Series on 14 Engines CZ2 &K TFI47i H

CONTROLS

DAIMLER

AGCO
POWER

Emission

Company |Engine | jevel SOP | migfrg | Sensor
Daimler/DDC MBE 900 EPAOQ7 2006 YN mDC-H Pitot
Daimler/DDC MBE 4000 EPAQO7 2006 | AT mDC-B Pitot
Daimler MDEG, 4cyl Tier 3B 2012 A 5 MDEG Truckflow
Daimler MDEG, 6¢yl | Tier 3B 2012 hA fE MDEG Truckflow
Liebherr D934 Tier 3B 2012 R 5 TFI4

Liebherr D936 Tier 3B 2012 ¥R 5 TFI14

Liebherr D946 Tier 3B 2012 W 5 TFI4

Liebherr D9508 Tier 3B 2012 PN TFI4

Agco sisu Power | 6cyl. 66 Tier 4 2013 A E TFI4

Agco sisu Power 6ecyl. 84 Tier 4 2013 s E TFI4

Agco sisu Power 6ecyl. 98 Tier 4 2013 s E TFI4

Agco sisu Power 7cyl. 98 Tier 4 2013 s E TFI4

Agco sisu Power 4cyl 44 Tier 4 2014 A G TF14

Agco sisu Power 4cyl 49 Tier 4 2014 HhA e TFI4




5 5 t EE Next 15 engine series [F X8I ¥ E=TFI471 H

CONTROLS

DAIMLER
LIEBHERR
JOCB
SAME DEUTZ-FAHR
o] |

achatesrPowER'

ISU2U

NIEEN
. ] =
. Emission N
Company |Engines | ievel SOP | fi7 &. | Sensor
MDEG CNG,
Daimler HDEP CNG Euro6 2015 T e | TFI4
Liebherr LMB 6G0002 CNG Tier 4 2017 = TFI4
JCB SEF 4cyl / 6cyl Tier 4 2017 = TFI4B
Same Deutz Fahr KE3, KE4 Tier 4 2016 18 HIT TFI4
MTU
Friedrichshafen 1600, 4000 Tier 4 2016 I e TFI4
MTU Onsite Energy 4000 Bi-Fuel Tier 4 2015 W% IS TF14
MAN D26, D38, D1515 Euro6 2018/19 1A 5 TFI4B
A48
Achates Power opposed piston EPAL17 2017 DP, EGR | TFI4B
KE
| Isuzu 4cyl Tier 4 2016 EGR TFI4
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5y5 tEE TF14 on LMB I1IB/Tier 4i engines

ONTROLS

D934 A7 DPF Tier llIB/Tier 4i
7Liter, 200kW

D936 A7 DPF Tier IlIB/Tier 4i
10.5Liter, 300kW




5y SIEC M
CONTROLS

D946 A7 DPF Tier llIB/tTier 4i
11.9Liter, 340kW

D9508 A7 Tier llIB/tTier 4i
16.2Liter, 505kW
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AGCO

Challenger Fendt Massey Ferguson Vaitra

—

SEAVAINY MY A
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TFI4 on AGCO Sisu Power 6¢yl engine
Sy STEL e

CONTROLS

AGRITECHNICA 2013



SyStEE HJS: Exhaust Flow Sensor ,EFS%

CONTROLS

HJS exhaust gas
After treatment system
(active control)

TFI4 2P Sensor
= EFS“-Sensor

El

aaaaaaaaaaaaaaaaaaaaaaaa
gggggggggggggggggggg

Bauma 2013

T-sensor ,Venturi®
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CONTROLS




svyster

CONTROLS

1600 / 4000 engines
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CONTROLS

Power Generator
Diesel / Gas / Bi-Fuel

50 Hz: 1550 - 3250 kVA \
50 Hz: 280 - 730 kVA

—




systec

Opposed piston engine: saves 30% fuel, no cylinder heat/valves, less heat loss
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l F-DIESEL

365 9

+86 21 3350 6361

+86 21 3350 6269
engineering@f-diesel.com
www.f-diesel.com




