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The Challenges

Free Forces for Different Engine Architectures
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The Challenges .
Tangential Forces and Harmonics (Four Stroke Engine)
w
N S |
: $
N
g
S I
Fe = 180° 360° 540° 0° o 180°
|
R i=0.5—— 1
F, ' 1.0__— -
A 1 SAvJP\\//f
' 0.1
Fe — B 20 ~— \Jbv
. | P AT A~
; 2_5/ ~— ~ — ~
FRa 'E 30 e T T e —r T
—\a O - -
Fr 4.0 o
r 45— Negllglbly small
Fs N B contribution
5.5—— —— —
6.0
IFIEWY

Source: Univ.-Prof.Dr.-Ing. S. Pischinger: Internal Combustion Engines

© by FEV - all rights reserved. Confidential — no passing on to third parties 4



engineexpo2012 Novi, Michigan

The Challenges

Small Automotive Engines Production Examples

55 3 999
3 999
___ 3 999
TS 3 998

HYURNDAI KIA MOTORS

51 kW
95 Nm
12 bar BMEP

45 kW
95 Nm
12 bar BMEP

93 kW
170 Nm
21 bar BMEP

51 kW
95 Nm
12 bar BMEP

© by FEV - all rights

6000
3000

5200
3000

5000
1400

6200
3500

IFEEW

reserved. Confidential — no passing on to third parties



engineexpo2012 Novi, Michigan

The Challenges

Small Automotive Engines Production Examples
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Typical Failures

Setup Example of a Single Cylinder Engine

Flexible Coupler

Driveshaft Adapter Dynamometer
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Typical Failures

Setup Example of a Single Cylinder Engine
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Typical Failures

Setup Example of a Single Cylinder Engine

—

Torque

Engine Driveshaft Measurement

Dynamometer

IFEEW

© by FEV - all rights reserved. Confidential — no passing on to third parties



engineexpo2012 Novi, Michigan

Typical Failures

Torsional Failure of a Driveshaft of a Single Cylinder Engine
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Typical Failures

Torsional Failure of a Driveshaft of a Single Cylinder Engine
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Typical Failures

Torsional Failure of a Power Generator

Source: Diesel and Gas Turbine Worldwide, November 2011 , o , -
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Traditional Approach
Multi-Step Multi-Body-System Calculation

MBS Model

Engine

Flexible Coupler

Driveshaft Adapter Dynamometer
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Traditional Approach =
Multi-Step Multi-Body-System Calculation

For the subsequent
calculations a high inertia
and a low inertia flywheel
were chosen

Flywheel
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Traditional Approach =

Torsional Vibration Comparison — High-Fidelity MBS Calculation
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Traditional Approach =

Torsional Vibration Comparison — High-Fidelity MBS Calculation

Low Flywheel Inertia
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Traditional Approach

Torsional Vibration Comparison — High-Fidelity MBS Calculation

High Flywheel Inertia
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Alternative Approach
Low Fidelity MBS — Software Layout
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] Step 1: Input Data S Step 1: Input Data — Input Data
c Anput.xisx DataOK | o Input Data [ setect source fiie |  Fainputxisx
Step 2: Calculate Eigenvalues Step 2: Calculate Eigenvalues =
[ Generell Data ] [ Cylinder Pressure ] [ MBS Data ] - Generell Data MBS Data
— Generell Data ECR [— Cylinder Pr
Step 3: Calculate torque and vibration Parameter Value Unit Description Step 3: Calculate torque and vibration
D n_idle 1% rpm engine idle speed Srpludes
Calculation n_max 8500 rpm  engine maximum speed LT . :
Step 4: Save Calculation d_engspd 70rpm  speed step size © Step 4: Save Calculation . Inidcated Cylinderpressure .
i_wocy 0.5000 engine working cycles per revolution Save —— 3000rpm
d 0.0966 m bore 70 — 3500rpm
h 0.0750 m stroke — 4000rpm 08
| 01310m  length con rod 560 ——— 4500rpm
m_re 0.7090 kg reciprocating mass = — 5000rpm
250 5500rpm 0.6
210 —— 6000rpm
s — 6500rpm
. . 230 —— 7000rpm 04
Basic engine data 5
©20
0.2
10
00 90 180 270 360 450 540 630 720 00 0.2 04 0.6 0.8 1
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Basic component data (if this data is not available, a
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known engines with similar design characteristics) Cylinder pressure data (if
- _ pressure traces are not

I
: Step 1: Input Data
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Step 2: Calculate Eigenvalues
Calculation

Step 3: Calculate torque and vibration
amplitudes

Step 4: Save Calculation

Save
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Generell Data

] [ Cylinder Pressure

{— MBS Dat:
Inertia  |Damping Abs| Stiffnesses | Damp Rel | Damp Mat
1 0.0729 1 6.6864e+03 0.2000 0.0400
2 0.0416 0 190 0.7500 0.0400
3 0.0030 0 190 0.7500 0.0400
4 0.1327 1 0 0 0

available, a function
generator will create
pressure traces using a
provided peak cylinder

peak IFEWV
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Alternative Approach
Low Fidelity MBS — Software Layout — Output
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Results

Comparion High-Fidelity versus Low Fidelity MBS

60

50

Torque Amplitude [Nm]
w IN
o o

N
o

10

[Calculated Torque Amplitudes - Comparison Low Inertia FIywheeﬂ

Resonances found in the low-
fidelity model are a result of
steady-state versus transient data

processing”

—— High-Fidelity MBS
Low-Fidelity MBS

/N

0
1000
Speed [rpm]

6000

7000

IFEEW

* These resonances would actually occur under real-world steady-state conditions ©oyFev - rignis reserved. Confidential - no passing on to third parties

20



engineexpo2012 Novi, Michigan

Results .
Comparion High-Fidelity versus Low Fidelity MBS
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H
H
Results
H
Driveshaft Vibration Comparison
Accelerometer placed on shaft end of the dynamometer
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Outlook

- An alternative approach to high-fidelity MBS calculations proves to
offer reliable data to design robust test cell driveline systems for low
cylinder count engines in test cell environment

J Contrary to conventional MBS calculations the low-fidelity software
does not require specialized system knowledge and can be operated
by operations engineering staff after brief training/introduction

 Low-fidelity software allows to generate results very quickly resulting
in substantial time/cost savings during test cell setups

 Low-fidelity system is not a replacement or substitution for high-
fidelity systems — it represents a shortcut to allow quick and safe test
cell setup and operation

1 The alternative approach was verified in multiple projects and proved
to provide robust and reliable results

1 Database with existing main parameters allows to process engine
configurations with no existing data or information

IFEEW
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Thank you for your attention
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