Synthesis of
Torque Vectoring Topologies
with Hybrid Functionalities

Prof. Dr.-Ing. B.-R. H6hn, Dr.-Ing. Ch. Wirth,
M.Sc. M.Eng. A. Garcia

European All-Wheel Drive Congress 2017
06.04.2017



%Dr C. Wirth CO nte nt

2 Qverview

% Basic Principle of Torque Vectoring
with Superimposing Unit

% PlanGear - Synthesis Program
Z Example

2 Summary

CDB Nr.: D025285 a Verwendung: vertraulich



Dr. C. Wirth Ove rVi ew
Torque Vectoring in series production
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http://m.audi-quattro-highlights.de/de/aqh/Technologien/Sportdifferenzial
http://www.lancerregister.com/faq/G04/g04.html

o, C. wirth Overview
Power flow - Vector Drive (BMW X6)
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Superimposing Unit
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Torque

Torque Vectoring Topologies
Basic Principle - Superimposing Unit (SIU)

Speed
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SIU
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SIU
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Ngy = 4 X AN

- Generation of torque difference independently from speeds

> Generation of opposite torques
> Ratio between torque difference between wheels to E-Motor

> Superimposing unit is state of the art (e.g. in WO 2006/029434 A3)
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Superimposing Unit

i0:'3 (: ZH / Zs)

-30 Nm /\ +30 Nm

)

-40 Nm

—

LT,

+1O Nm

. I
o
o
o
o

4
N\
——||—-

_20Nm  +20Nm +20 Nm +20Nm
+40 Nm * 40 Nm
. AT 20-(-20)

CDB Nr.: D025285 a Verwendung: vertraulich



~cwn _ JOrque Vectoring Topologies
Amplifying planetary gear
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Torque Vectoring Topologies
Amplifying planetary gear
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Fole 1 Amplifying gear + Cylindrical gear diff.
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Torque Vectoring Topologies

Amplifying gear + Cylindrical gear diff.
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Fole 12 2x Amplifying gear
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2x Amplifying gear
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»cwm  Basic principle
DE 102007017185 / Prof. H6hn

Amplifying Planetary Gear
Input (e.g. ICE) for increased ratio and decreased torque

Differential

/ Amplifying Planetary Gear
(alternative positions)
Superimposing Unit
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ol Overview and Features

Gear synthesis is the systematic approach of a PlclnGeCI

gear structure with given boundary conditions

eeeeee

Z@G is developing its own synthesis tool
~PlanGear” since 2010.

PlanGear is used for generation of gear
structures:

% Simple and complex compound gear sets
(e.g. Ravigneaux)

% Transmissions with any number of shafts ST R M)
(connected by spur gear stages) o

2 AT and DCT (and also crosses between both
types > MCT) :

% Conventional transmissions and hybrid
powertrain structures (2 drives, ICE and EM)

% Torque Vectoring topologies with hybrid
functions

pa b b |
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Analogy Model according to Helfer*

Kinematic equivalence Static equivalence

< — — T n, "T2 o T,
n _ » .- - =
s S ip X a a T, s

i1 xa

* Dipl.-Ing. F. Helfer:
Ein Analogieverfahren zur Untersuchung von
Planetengetrieben, ATZ 69 (1967), S. 149-152
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Folie 20 Frame conditions for PlanGear

Note: Following demonstration example is
any example. Clearly not best!

Input data for PlanGear:

Ratios: Gear 1. 14...35 - Parking / maneuvering
Gear 2: 5..13 -0..120 km/h
Gear 3: 2.4 - 120...250 km/h

TV: AT, /Tgy =20..25
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Example

List of results

@ Ausgabe | Skizze | Sekundarantrieb | Fahranalyse |
Tahnrider und Getriebe Gmbk
Lésungsauswahl
1 |3 von58 ! |onl
‘ Ausgabe List i Mle Fiter léschen
Speichem | Drucken | Template | GearBuid
Auszugebende Lasungen
Loesungsnummer  Solution-ID Getriebe-10 Mechanik-1D Kinematik-1D Belastungs-ID Struktumummer Baubar Entflechtbar Schaltbarkeit(N) Anzahl Balken PBlk1
@ e v [ =] ] o [ =] ] o =]
7 [N Freezcnae... 3042083262 |FOSEFCTBSE... |B108SCASOT... |1AS7CEAREA... | 1117457092, |True False True 5 500
© tosungen 2 25157B-B8-0C-.  1547-293E9C5... | 26-99919C0D-. | B1-0B-9C-A507-.. |8CO9B760-68-1.. 11_17_457002.. | True Fakse Tue 5 500
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[ Max. Anzahi der Schatte 9 0B-AD-FE-90-07-... | 14-E4-26-34-66-A... |0C-BD-B5-AB-3F-.. 18-68-05-0D-D7-.. | 11_17_4570921... |True False True 5 500
10 65A38914C7-. 3533026041E | 17-346482AC8 25CE25B41E- . 11_17_457062  True False T 5 500
1 ES9F9208951.. |9477-16976D-.. |0C-8D-B5AB-F-.. C947BE5D9-. | 11_17 457082 |True False True B 500
12 F2C5420105.  FA20MB-9C26-.. |26:99-91-9C-0D-. BC99-B7-6068-1.. 11_17_457002.. | True False Tue 5 500
13 C8-A552-8978-4. | 26CAD4-74D5- . | 26-99-91-5C-0D- BCSS-B7-60-68-1 | 11_17_4570820 | True False: True 5 500
14 76.0256-A%8A . 931F-D1-E795 | (C-BD-B5-AB-3F- 1868 0500-D7-  11_17_4570921. | True False T 5 500
15 3I0-82-D22FTF. SADE3256%-.. |FO-OB-FCTBE5E-.. TASTCEARES-. | 11_17_4570921.. |True False True B 500
16 DAJ1-ATSF57S.. ES17T-EAS295-.  17-3464-82ACS. . 25CE25B4-1E-.  11_17_457082..  True Falee Tue 5 500
17 F201F37C56C.. OE-SAFEDF25. | F3-9B-FC-7B-55- TAS7.CEARES | 11_17_4570821 . | True False: True 5 500
18 248007-F5-825.. EF-CE-17-B0-93-.. | 2E-99-91-9C-0D-.. BC99B7E0661.. 11_17 4570092 True False Tue 5 500
B4 Bementargetnese / Kop 19 97.F2-E1-280D-.. | E2EE-914336-.. |2E:99-91-9C-0D-. 8C-99-B7-60-60-1...| 11_17_457092... | Trus Falss Trus 5 500
20 AFSD-37E634 . AS347307-279. |F3SB-FC7B5S 1AG7.CEABES . 11_17_4570921. | True False T 5 500
21 OE-AB43A403. |CAB5F24AT0-.. |2E:99-919C-0D-. SC98B7E0681... 11_17 457082 |True False True B 500
Reduzierte Koppelsatze 2 2009-9F-539C-2.. DA-BG-B2-DO-DS... |2E-99-91-9C-0D-. 8C-99-B7-60:60-1.. 11_17_457002.. | Trus Fake Tue 5 500
3 A334DALESS. . | BF-FACA25399 | ED-51-EC2E01- BCSS-B7-60-68-1 | 11_17_4570820 | True False: True 5 500
u 2F95086A952 . T2E201B1ED... |F39B-FCTBES . AS7.CEAREL.. 11_17_45700921.. |True Felse Tue 5 500
Optionen zur Baubarket 2 485749CC-5A..  FB-B6-1A-2C-348.. |FO-9B-FCTB5E-. 1ASTCEAREL-. | 11_17_45700921.. |Tre False True 5 500
2 DABBDA-AZET- . ACI67SCEFD-. |FI9B-FCTBS5S- 1AGTCE-ABES . 11_17_4570921. | True False Tue 5 500
‘ i 27 790D-92C7F1C- | D463 TESTED-.. |(C-30-B5-AB-3F- C9647BE5D9- | 11_17_457082 | True False: True 5 500
28 AB-I7FESF-ET-.  AS2ABE-AE41-. |(C-8D-B5-AB-3-. 1850-05-00-D7-.. 11_17_45700921.. | True Fakse Tree 5 500
2 65-FD-43-674C-. | C5-DF-3ACT-32-.. | 17-3464-82-AC8 . 25CE-25-B4-1E-. | 11_17_457082... | True Fales True 5 500
{‘“\\"Q SnippingTool ‘ 30 ACFOSCAS24 . HC2DES74A3. |(C-BD-B5AB3F . |B1-0B9CAS07-. (CO647BE5DS . 11_17 457082 | Tue False T 5 500
7 84345 T3BAD... | BC-OD-64CE57-.. |FOOBFCTBS5E-.. |81-08-0C-AS07-.. |1ASTCEAGEL . | 11_17 457092, |True False True B 500
2 D4-BB-53-30-9E-.  SADD-TA-BI45- . |(C-BD-B5-AB-3F-. |B1-0B-9CA507-.. | 18-68050D-D7-. 11_17_457092.. |Tre Fake Troe 5 500
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Developing results in PlanGear

@ Zahnrider und Getrisbe GmbH

Zuiez svgmceen e i e Ve veaiee |
Zurez smgmticen e n o A v |

Shift Element Nr. (Coupling Nr.)

Gear L(47) 2 (46) 3 (139) 10337 ! ¢
1. Gear X 16.122 7]
2. Gear X 7478 2136
3. Gear X 2672 2709
4. Gear X 1.027 2601

3hift Element Nr. (Coupling Nr.) .

Gear 1(47) 2 (46) 3 (130) 137) ! ¢
1. Gear | -14086 | -0.107 0357 0,334 16122 %
2. Gear 0,082 5,033 0275 0,308 7478 2136
3. Gear 0337 0357 2335 0,219 2672 2790
1. Gear 1.036 1138 0678 2,799 1.027 3601
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Possible topology with 5 planetary gears

I Demonstration example - better solutions possible !

3 brakes
1 clutch
_ \,\ W T VW
S
i T ] 1
— 3 i|_|_|ii||_|_[||| ;
i i —1 |_|_|_iii|l|_|||| 2
_I.
L — i : v
— - | = A
Ze, = 33 Ze, = 36 A

IAB = '1 ,79
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Folie 24 Power ﬂOW — 1St Gear

I Demonstration example - better solutions possible !

11

Power split in 15t gear!

i, = 16,12
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Power flow — 2"d Gear

I Demonstration example - better solutions possible !
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\

gy |
N
— <

i,=7,48
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Example
Power flow — 39 Gear

I Demonstration example - better solutions possible !

SI=

E
Z
E
=

11

=
= |E
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Folie 27 Power ﬂOW — Torque VeCtOHng

I Demonstration example - better solutions possible !
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Efficiency grades

T

LA
—

Primary Input

Option RS(1)-KS(1)-KS(1)-KS(1)-KS(1)

Feasible
Gear 1 2 3 4
Efficiency [%o] 92.0 94 8 Q7.3 1000
Power loses [kKW] 0.7 0.4 0.2 1.9
Bearing speed [1/min] 4826 4826 4826 5973
- Load dependent mesh losses considered (defined operation mode)
- Internal gears: Nvz = 99,5%
- External gears: Nvz = 98,5%
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Folie 30

% General principles of torque vectoring (TV) with superimposing units
were shown.

2 Amplifying planetary gears lead to increased TV-ratios and reduced
torques on superimposing gears (= reduced weight).

% Qear synthesis program “PlanGear” was enabled to calculate torque
vectoring structures in combination with hybrid functionalities.

% An example topology generated by PlanGear was explained:

% Inline arrangement of 5 planetary gears including 1 Ravigneaux
gear set.

% 3 gears for hybrid functionalities over whole speed range of the
car.

% 1 torque vectoring gear for whole speed range.
% High efficiency in all operating modes.

% Disc clutches and brakes for fast, reliable and comfortable gear
shifts.
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