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Contents of Work Package 1-WPO08: Design Assistance Systems and Calibrated
Simulation Processes

1-WPO08: Design of Internal Combustion Engine
with Design Assistance SYstem (DASY)
Coordinator of the WP

Ceské vysoké uceni technické v Praze, zodpov. osoba Ing. Jindfich Hofenin, Ing. Petr
Hatschbach, CSc. Prof. Ing. Jan Macek, DrSc.

Main Goal of the WP
= SPEED IN ASSESSMENT, ENGINEERING, ANALYSIS
= Automate prediction of performance, computation of geometry, generation of solid models

= Integrate engineering and analysis phases into the design process for a robust design. Use
knowledge-based design rules (including manufacturing)

= Provide consistent design process (product quality, reliability, ..)
= Provide rapid target assessment and tradeoffs of powertrains early in the vehicle program
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Content

e Main goal of the WP

e Powertrain development procedure

e Parametric model definition

e Crankshaft mechanism design and
optimization

e Camshaft mechanism design and
optimization

e (Gearbox design and optimization

e Powertrain design and optimization
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Main goal of the WP

CREATION OF A QUICK TOOL FOR THE DESIGN OF A VEHICLE POWERTRAIN, WHICH ENABLES
> Quick creation of the basic geometry of the vehicle powertrains (powertrain study)
» Comparison of variant designs and selection of suitable geometry

> Quick definition of masses, moments of inertia and geometry dimensions for detailed
calculations

DEVELOPMENT OF THE VEHICLE POWERTRAIN DESIGN METHODOLOGY (STANDARDS)
Definition of aggregate subdivision

Definition of the development process

Consistent design process

Automation of design steps

Preservation of knowledge of experts in the methodology of the design process
Bidirectional connection of 3D models with calculation programs

CREATION OF A PARAMETRIC 3D MODEL OF THE DRIVE UNIT

% Definition of parameters of parts and assemblies (dimensions, material, construction, ..) and
their mutual relations

Parameter database (performances, dimensions, materials, etc.)

Database of design of key parts

Implementation of design principles in 3D models

Definition of boundary conditions and computational networks for strength analysis of parts
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Powertrain development procedure
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Interaction between DASY GT-SUITE
_Into GT-SUITE

From DASY

- o X

1] SLENGINE_4_VALVE...
Soubor Upravy Format Zobrazeni

}rpm=4:2;0 -
;ﬁ;{ﬁda:}.i conneCtlng
s text files

into DASY __

o} o -@em
i

s
e o}
= s

T SLENGINE4VAVEL. — O X

Soubor Upravy Format Zobrazeni

From GT-SUITE ————>

oy connecting

bmep=8.95

target_lambda=1.4 B . teX t fi I €s

+thinj=-15

st_pressure_over_i
hore=83
( /
=
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Parameters calculation Files generation

| TEST-75-Dibct - Pozna...  — [m} %
Soubor Upravy Formét Zobrazeni
S = 4 5l ENGINE-DETAIL - V1.xlsx - Excel = =5 O X = 4_SI_ENGINE-DETAIL — V1xlsx - Excel = 75 O X MNapovéda
Soubor  Domi| Vioer| Rozlo: | Vzore | Data | Revizc| Zobra | Powei| @ Delsfintc Horenin, 1. £ Sdflet  1¢| Viozer| Rolo: | Vaore | Data | Revize| Zobra | Powei| @ Daisinfe Horenin 4. 9. sdtet [rype= ‘fl;:gﬂl‘ g
85.900
G v fe xd b4 Ba fe xd v i 1000
D E F G H[1 |3 K Q [~ F G H |43 -
2| ol - - SECICENCE : File for CREO
4 | ENGINE TYPE TYPE= A 1 *TEST" ENGINE TYPE TYPE= A 1
5 A 1 A 1
5 MAX POWER P A I 18 kw MAX POWER P A | 180 paramete,«s
7L L |rem Ny A | 5000 |1/min|—'|[RPM Ny A |
8| g COMPRESSION RATIJE | 105 COMPRESSION RATI( € A |
g -~ SPACE BETWEEN PISXy IA I = mm SPACE BETWEEN PIS|Xg fA I mm
10| PISTON ¢ BORE= VAN e PISTON BORE= AR I [jas  |mm 23,000
1| STROKE STROKE= A R I |58 |mm STROKE STROKE= A R I |5  |mm 12-?:38
| CYLINDER NUMBER |i A 1|4 mm CYLINDER NUMBER |i A T mm | 7| SLENGINE 4 VAVE... —— m} x .
BORE SPACING BS= / A C |s100 mm MB_LENS< CHECK T T J0,60 |mm Soubor Upravy Format  Zobrazeni MJ_RH= 1.850
- |iournaLe mi_DIA= / AR [C [sro0 |mm CB_LENs CHECK T T |0 |mm | Napovéds M} HE= 2830 )
. MB_PR< 100 [T T a0 |mm Irpm=4200 MI_R_DIA= 0.650
& JOURNAL LENGH  |MJ_LE! A |R |C |a00 |mm e )| | MJ_R_LEN= 0.650
9 |RraDIUS MLR/ A |R |C |70 |mm pressure CB_PR<127 T i
% LENGH medEn= AR |C |00 |mm | ||velocity MB_VO<26,5 T T
THICKNES ﬂfTH K= A C Jais mm velocity CB VO <20,8 T T
2 |iournaLs A DIA- AR [C [0 [mm MJ_DIA_F<ARM_WID T i MB_LENZ CHECK  20.700
5 | JOURN- P R P i roanng WID T T E - MB_THE= 2.150
a - - \;Ax = = . stroke=90 CRANKPIN JOURNAL 0.000
Z |RADIUS I -I ﬂ t d t ST, T conrod=138 CJ_DIA= 44.700
[N i ¥
EREE nse In In u a a T T |21,47 mm | . CI_DIA-ALTER 44300
CJ_DIA Ma= 2.500
‘on T _ Test t 30 R File for GT-POWER S 0
2 o €St parameters T[T fsosz [ | o0
Z3 2 » 50.000
o Possible Adjustments —© ‘|- - T
FLYWHI - | mm | 30 = = o
— 1 CJ_LEN_BR= 15.850
5 o J T parameters
OUTER T T |106 |mm | o CJ_RH= 1.850
head_deck_th=3 C] RF- 2850
' 25 T [N [T |50 mm = 2] 2. _
INNER | max_dome=3 CJ_R DIA= 0.630
PISTON ¥IN LENGIH [PPIN_LEN= A L 52,00 |mm T piston_top_th: CJ_R_LEN= 0.650
= = is i = CB_CLR= 0.110
1:1_ CONRODLENGTH  |ROD_L= A C 152,00 |mm SURFACE MINIMUM | PIST_LEN1 -CHECK Iy i [ (. E::m:iih:;;fth !
al . CRANKPINWIDTH |ROD_WCR= A E J1g70 |mm BETWEEN3RING |CLEAR-PIN-RING321 T [N [T |za1  |mm ﬂ_h‘;_de‘. :\al.l th=5
159 £ |BEARING ROD_DCR= A E |az81  |mm CLEARENCE PIN | | . der 1=210 CB_LEN< CHECK 16.700
150l | ® |outero-BEARING |ROD DCR1= A IC l62,00 |mm | -||[BOSSSPACING SR . ¥ crs—]jndgl-i“—ateritnyzls CB_THK=1.500 o
V geometrie kiik mech | data CREOA | MIN | MaX .. () T v geometrie klik mech | dataCREOA | MIN | MAX .. (® 1 v cylinder_water_bottom=195
Pripraven 1952 575 zaznamti nalezeno H - i + o0% | 575zdznami nalezeno ] I ] + 100%
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3D model in CREO generation

der  Manikin | Tools View  Applications

‘:' r\l 711" Hole
L v o exrude
PPPPP Sketch pearance

o
Galery ~ % Style™  Interface Geo d= w

~  SI_ENGINE_4CYL_SIMPLE (Active) D:PTCINAVRH_MOTORUICREQIBENZIN\SI_ENGINE_V3isi_engine_4cyl_simple.asm.7 - Creo Parametric

~00-@

m 7| ‘ 3 6 b 2 E 0 [N /e

s I~ o | 4 = &

tern Manage Section Apj Display ~ Compone: b Family Bil eference
Views ~ L bd L e Table ater Viewe:

= B X

,,,,,
,,,,,

jects n sessi

» (] ZAPALOVACI_CIVKAPRT
b [ ZAPALOVACL CIVKAPRT
» [CJCALTERNATOR_BOSCH_ASSYASM
» [KOMPRESOR_KLIMATIZACE_ASSYASH
» ([ FILTR_OLEJE_ASSYASM
» ([ VWFUKOVE_POTRUBI_4CYL PRT
b () PLNICI_POTRUBI_4CYLPRT
+ [ TURBO_ASSYASM
» [ OLEJ_CERP_5_ASM.ASM
+ Insert Here
v ([ Sections

PPPPP

b ROGENErate with -

input file from EXCEL
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bore 67 mm
stroke 65 mm

bore 95 mm
stroke 92 mm

regeneration
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Narodni centrum kompetence
automobilového primyslu

GT-POWER calculation

T CLENG.. — (] b @ ce. — [} = WoE. — O %
Soubor Upravy Format Soubor Upravy Format . 5
Fibaent Mapostds Zobrazeni Mapovéda Soubor  Upravy  Fermat
ﬂ GT-ISE v2017 - DAPTC\NAVRH_MOTORINAUTOMATICKE-ZPRACOVANNCI_ENGINE 4 VALVE.gtm : GT-POWER v2017 - a X a £ -~ CASE# 1 -~ Zobrazeni Mapovéda
|| casE# 1 P
GOl tome  View  Daw  Took @0 ~@~F~-%-|~ & = @ = Cyec.Angle alfa_cyl SYC'A‘“EIE ® t_eyl | CASE# 1
& e
m Undo of Cut — Find [71] Plot Setup [3] Preprocess deg WHm*2-K) o am =—7= Cye.Ansle eyl
5 » 7 ph i 1.0000000 1276.5715 AN P_cy
ﬁ i R Copy :] TR ﬁ} @ Output seup " I> W siop },'ggggﬁg ggggfgfj‘" 2.0000000 1308.6008 deg har
= Marise | s 4% Fina vae : e S L T —— = L 3.0000000 1341.2629
il I Library Mephiode | Setup Seup 13 p | Optimizaton Resuits. 28 Q Sanooobh (ot eiis s 1.0000000  69.181439
T | unde | ciiphoard g Templates and Search v Mode] p ml M Run A 4 0000000 3322.6140 %ggggggg iio__}g;gg 20000000 T0.571362
e 5. - 2, 571362
st r1ven {7 mesie 5.0000000  3425.4399 6.0000000  1445.8221 3.0000000  71.786612
— 6.0000000  3519.5892 - 5 4
2 e e 70000000 1483.9102 40000000  72.804064
T .42 B8.0000000 1521.8578 __ 3 coas
=0 LR HEAD 8.0000000 3684.9853 9.0000000 1559.4343 2.0000000 :3.623218
Y 90000000 3745.3594 10.000000 1596.4661 6.0000000 74.353126
E \ 10.000000 3789.6904 11.000000 1632.7624 7.0000000 T4.848665
o ssT 11.000000 3818.1149 12.000000 1668.0615 =% i
: ~— g  ohioioy  A0v0ey 80000000  75.118B45
6 Elomass 13000000 3874 537G 14000000 1734.9891 9.0000000 (5164764
e b i 2 = BN
< - o = n 15.000000  1766.3270 10.000000  74.995849
E B L EaVaz = £am: = o \ 11000000 74.621835
| Flows i = B ity 2 intske 12.000000 74.038427
- f' % 4. 27
=t ; & 31 £y, ylinfer iy vs511 4 171 T output Iles ta CREO 13.000000 73.273331
= 1 n 14000000 T2.343655
] 4] £ 3 Rty
. . - 15.000000 71267277
| k. . > pressure 16000000  70.059957
e i %
Lo PEwa Row | 2ePo¥ [HEanG e 17.000000 68.736681
3 15.000000 67.312636
. ’ _ > temperature 19.000000  65.796163
B Advanced Setup H 20.000000 64.211937
e = e [GTPOVER Calculation 21000000 62.573649
29 ag
; J; Help Project: | D:\PTCYNAVRH_MOTORUVALTONATICKE -ZPRACOVANIYCT. ENGINE_4 VALVE.gim 5 - t > hea t t r a n Sf.er ;;ggg%g ?g?g;{‘_;;
s B o,
< o General | of Flow o Mechanics | o Restart o VersionChanges o Paths | o MiscFies minu. es ¥ eﬁ'icien t 24000000 37466062
- 5 24 i 2
(:t — Attribute Urit Chiject Value Co y e
‘,‘_ILIWEHES — Ir TP ter Data from External Filk %i
mport Parameter Data from Exteral Fle?
External Parameter File Import Method: GT-ISE (only overwrite =) ~ e
T | CLENGINE_4_VALVE_CYLINDER:trn — Poznamkovy blok — a K
External Parameter Input File <CI_ENGINE_4 VALVE_GT .parag..| B
F\xad"ﬁm:Sf:ED S\z: [DvEmr:Es Flow and Mech Step) s v : f’__‘ — I n ut fi Ie fro SDCUfoE :F'IEW Format Zobrazeni Napoveda
Initial Seet r Random Number Generation lef|...| PR
Cormargence Excoson part Lt .gnE p m eylindlH  cylind?H  cylind3H  cylindlTE  cylind?TE  cylind3TE  oylindlT  cylind2T  cylind3T
: Wim 2-K) WK  WimK) K K K K K K
Exc E L 33123126 185.87726  00.046085  1075.0000  861.60628  7T42.40188 40058107  418.69273  399.33727
oK Cancel Apply

>
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Parameters definition

Creation of databases of o N _
performance parameters and == — X

s

7]
- - - | 4 K L M N o P Q R T y v w X Y Z AA AB AC AD | AE | AF AG | AH Al Al AK AL AM AN | AD | AP i
dimensions of parts according to — +eiilslmealil bl pe 1A 1u Lu L | e

NAMERENE HODNOTY KLIKA
§ MB | MB | MB | MB | mB [ mB te [roo | £ [ e[| e ARM | ARM
-y ! Vam | Pe | N | Pi | Pe |Pmax| Fmax | Csp MK| 5 oince| ien | 7 | 7oic | o DiA | Dcr | LEN | R |THIC| BR 5w wi
e’ ’g/’ ;e g’ OL/ps HLAVNI EeP unNiEnT Eep AXIALNT LOZISKO AMENO

HEIREEE Z S T = 2 = o = = z T & E ]

i12|8=12% 9|8F|cg £ 38 5| o| &| 2| B| 2| 2| B| =| B| 2| 2| 2| E| 2| 2| B| | 2| 2| 2

s|f-e=| EleElkE 2 8 2| 8| &| =| & E| ©| 5| 5| 8| =| &| E| 2| 2| 2| B| 2| 2| =

- o By , = | E £ 53 “ET s = > g £ < e = = s| 2] 2| o = g 2| 2| 5| 5| 2| =

&l e = L e E il = = = fri = = a| o = = < <

z| = = 2z E = e = et 3 z = = xl Bl 2| = | m| = E & e

ol B} o] E =3 = K b = o i 2! el &= =1 o @ | 8 == g | & ol =| @

s |5 |2 E |z £ z = g & = = = sl 5| £ El 2| 38 2| w3

g £ S & g =S S = Tl S S| @ | % 51

5 B £ 2 & = s| a8 B = =

5 & g
2 £ = £|F
L £ =
0/ ‘ ; / 0] ; ; / ; ;/ ; ; L/p 0 / ; ;/ ; ; 3 39 | 251 | 5650 | 80.8 | 1.6 | 13.1 | 69.2 [185[431 [ 548 | 600 | 283 | 15 | 24 [233 293 [ 524 [ 229 [13 [ 15 [189 623|779 2.4 855 | 53.5 | 19.0 | 85.0 [ssnn
12| 0.0 6. 485 500 & 21 1! 7.5 72.4] 3 3.0] 2 8.7| 61 7 13 227 0| 712| & 1060| 57.0( 190 L] Eiaiaiad
. 5 10 57| 3800] 286] 06 50| 231 107 69 420] a76] 218] 13 18] 168 200] a30] 191] 13| 11] 150] 53.5] 680 20| 650| 500 19.0| 85.0|###Hs
D 400 englnes 5| 22| 122] s3s0] s49] 12[ o8| s28] 150| 216] 565 613] 248 13[ 23] 193] a8s| s14] 227] 13] 16| 187 61.1] 76.0] 27] 885| 53] 19.0] 85.0]ssed]
1

Q 180 engines with dimensions | e e B | s
» Compression ignition engines SEeESE=mmnscccssE z

y=05617x+10.04, 4 [ T1 ‘o -

passenger cars e e e ar e e e 3
bore from 70mm up to 105 mm 5 . L ool T e =
a 565 eng/nes E 400 S S T —f——+———————— +CRDIA ]

0 120 engines with dimensions 2 ik e " PPINDIA =

> Compression ignition engines & = T e

~
=]
o

. . y=0.29x - 3.3311 L . ,"! - . =_: — = ~ —Linearni(CR DIA) 123
fO/‘ C'OmmEfC'/a/ VE/)/C/ES [ — au,% g |yt !1# T — - Lineam/(PPINDIA) — 150
bore from 100mm up to 170mm  w | | | |
D 1]0 . 65 70 75 80 85 920 95 100 105
engines VRTANI [mm]
a 10 eng/'nes with dimensions P R T T NP I ERET¥o1 T T o) B I e e 1 B R 1 TP - T i = |
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Parameters definition

Parameter types:
« Dimensions

« Material

« Design

1B

2O

Creating 3D models with definition of.r
» parameter relationships
» reference dimensions

» control parameters

» geometry according to design
principles

» material

> finite element mesh

» boundary conditions

> load

» calculation with evaluation

——
ﬁ |
/
)
AN
32
e

=|—
&=

T

15 20 W
- b2
HEC ‘ P
N o
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T~ J 5 s D, e
[, | 2R TN // s =2
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Crankshaft mechanism design and optimization

Crankshaft Bearing Stiffness

from 3D geometry

* Performed FEM rough analysis of the engine block under Fx, Fy Crankshaft Stiffness
loading

Y-Force Stiffness 6.6 e8 N/m

X-Force Stiffness 2.3 e8 N/m

> geometry '
> weights

> Moments of inertia
> stiffness, ........

> pressures
> temperatures
> heat transfer

coefficient, ...

TN01000026 Z : — Str. 11 Za DP 1-2 Hotenin, CVUT. 102020
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Camshaft mechanism design and optimization

from 3D geometry

|
|

into GT-POWER

> geometry| ... | Pt iy D‘n D#LH =y
> we ig h ts i ;m v | ey | eS| D | R
> moment of inertia | - ‘
> stiffness, ........ l rﬂfﬁ?

By

> cam geometry
2. > Springs, ...

.
\/ Hlibrwies: af ovc van ot modl g »
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Gearbox design

from GT-SUITE

i e

Tt va01T - DA TONAVRH MOTORAGT POWER DunlClnen hcederation DCTgim GV S A TEmp 2017 o x
W o vew  om toos @D - -~ T
- e > gears

> Number of teeth

into 3D geometry

> .

=

> geometry
> weight
> moments of inertia

> stiffness, ........

o
1 ] A - i
4 = o =
Sk e [ TN Fl u.g_ b
0 RS | 3 -r e
H 1 ' ZA e
£ . = J
N & - 1
= L " = o
- i ) B
i | o
T & T T a4 3
! £ 3 g
st T
L . T B
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Manual gearbox 5/6 speeds

3D gearbox model
controls

420 parametrs

Ta N Yanin &
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Direct Shift Gearbox DSG 6/7 speeds

3D gearbox model
controls

520 parametrs
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Installation the powertrain to the vehicle

3D parametric model of
Installation the
powertrain to the
vehicle

Collision control

£3
g
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losefa

Steady flow rig for in-cylinder flow measurements using HWA

 thermo-anemometric probe can traverse in axial, radial

and tangential direction

VALVE LIFT ADJUSTMENT

CYLINDER HEAD

* axial and tangential velocity components are measured =

CYLINDERHEAD SUPPORT

CYLINDER HEAD

TURNABLE MAIN
RING

AUXILIARY PROB

MAIN SPLIT PROBE

LINEAR STAGE

ROTATIONSTAGE

lladjustable .
MAIN SPLIT FIBER PROBE
|. adjustable angle

constant
distance

SYNCHRO PROBE

yaw angle

/ radial
direction
-

tangentialI

direction

TN0O1000026 Z: s
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Steady flow rig for in-cylinder flow measurements using HWA
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Steady flow rig for in-cylinder flow measurements using HWA

Velocity scale w20 m/s

Probe calibration — in situ
velocity range 8 - 135 m/s

Set of experimental data has been acquired:
2 port variants, 2 valve lifts, 2 axial positions

Submitted article ,Introductory
measurements of in-cylinder flow past
intake valve ports with a film split-fiber
probe” to Flow Measurement and
Instrumentation Journal
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Fulfillment of goals and deliverables of 1-WPO8: Design Assistance Systems
and Calibrated Simulation Processes

Current State of Deliverables, Milestones and Fulfillment of Goals

1-WP08-001 (ZV) | Engine design parametric model | ¢ R - software | Complete parameter
model of ICE engine in CREO-Parametric. Parametric models of key engine parts in CREO
Parametric, preliminary calculation of their dimensional parameters, collision control,
subsequent strength control of key parts and creation of engine assembly. | 10. 12. 2020 | |
CTU FME 1 |

1-WP08-002 | In-cylinder flow characteristic measurements | ¢ Gfunk - funkéni vzorek | A
functional sample of steady flow rig for in-cylinder flow characteristic measurements using hot
wire anemometry system. Measured velocity and turbulence can be used for calibration of
CFD simulation | 10. 12. 2020 | | CTU FME 1 |

1-WPO08-003 | Papers related to advanced design assistance system(s) and detailed port flow
measurement. | e O - ostatni vysledky | CTU: 1x paper related to advanced design assistance
system.

CTU: 1x paper related to detailed measurement of port flow. | 10. 12. 2020
List of Due Deliverables and Their Added Value
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Current contribution of 1-WPO08: Design Assistance Systems and Calibrated
Simulation Processes

Assessment of the Contribution of Deliverables

Parametric model of ICEs for DASY are generally applicable to design of
powertrains. 3D models of ICEs are applicable in the design of hydride
powertrains.

Steady flow rig for in-cylinder flow measurements is prepared and was
tested on a specific measurement, including probe calibration. Submitted
article to Flow Measurement and Instrumentation Journal.
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Vytah z praci 2019-2020 na 1-WPO08: Asistencni vyvojovy system a
Kalibrované simulacni procesy

3D parametricky model Instalace
hnaciho agregatu do vozidla

Zarizeni pro mereni proudového
pole ve valci metodou zhaveneho
elementu
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Results of 1-WPO08: Design Assistance Systems and Calibrated Simulation
Processes —Achieved 2019-2020

3D parametric model of Installation
the powertrain to the vehicle

In-Cylinder Unsteady Velocity
Measurement Using Hot-Wire

Anemomemetry
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