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Overview
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2)
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Overview Gebrueder Ahle GmbH
e Position in market
* Product range

Chassis springs
 Requirements: Deflection curve, installation space, weight, noises
* Progression
« Comparison of progressive chassis springs

Miniblock-springs
» The principle of nhon-constancy

The Ahle-Process
Development, manufacturing

Advantages of Miniblock-springs
« Design of every required progressive deflecton curve
« Optimization of required installation space
+ Weight reduction by efficient material use
* Noise-elimination, no contact corrosion!
« Comparison of different spring systems

6) Comparison: Steel springs — Pneumatic suspension systems

7)

Summary
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1. Company Overview

e Position in Market Space

e Customers, Product Range
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Products:

Helical Compression Springs

 Rebounds springs by round- and flat wire

» Chassis springs as cylindrical or Miniblock-
springs with linear or non-linear deflection curve

Applications:
» Chassis springs for automotive applications
» Brake springs for trucks und rail-vehicles

» Technical springs
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Design and Prototype Manufacturing

Design and calculation methods:
Ahle spring calculation algorithms
FEM (Nastran)

CAD (ProEngineer)

Integrated tool- and prototype-manufacturing
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2. Chassis Springs

e Requirements: Deflection Curve,
Installation Space, Weight, Noises

e Progression

e Comparison of Progressive Chassis
Springs
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Requirements for Spring Design:

(Progressive-) Deflection Curve,
Installation Space, Weight, Noises

Built-In Situation: Ahle Miniblock- Built-In-Situation : Ahle Miniblock-
Spring in car rear axle, Spring in car rear axle,
OPEL OPEL
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Requirements: Less Weight, no Rattling Noises

Less weight caused by non-constant wire diameter

No coil contact — leads to no contact noise (no coil-rattling!)
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Progression

Exposition of a progressive characteristic line

The deflection curve consits of three sections:
Section 1: linear rate (initial rate)
Section 2: progressive rate
Section 3: linear rate (end rate)
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Comparison of progressive Chassis Springs

Fundamantal Solutions:

» Cylindrical compression spring + helper spring
Springs with non-constant pitch
Springs with non-constant coil diameter (conical spring)

Springs with non-constant pitch, non-constant coil diameter

YV V V V

Springs with non-constant pitch, non-constant coil diameter,
plus non-constant wire diameter
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Fundamental Solutions for
Progressive Helical Compression Springs

|
Q) \Q
| ) =——— Helper Spring
|
/

i . !

Helical compression spring Helical compression Conical spring Barrel spring

plus + helper spring spring with non- with non-constant with non-constant
constant pitch coil diameter wire diameter
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Combination of:

oTw
pge

non-constant pitch

dmax

non-constant coil diameter

non-constant wire diameter

dmin

Beidseitig
Federende
nicht plan

leads to

Miniblock-Spring
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3. Miniblock-Spring

The principle of “non-constancy’
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The principle of "Non-
Constancy”

Non-constant pitch
Progression

Non-constant wire diameter:

1.) Progression
2.) Weight reduction: ,Light weight"

Non-constant coil diameter:

1.) small block (Miniblock)
2.) No coil contact (noise elimination)
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Physical Best Light-Weight Spring

dmm‘ £ 1

-
Beidseitig
Federende
plan

Progressive spring:

Initial rate is lower than end rate

Boisety The effect is: - Coil sections with smallest wire diameter lay down
nicht plan within deflection and are ,,shut down" .
In this position, the coils are inactive!

Beidseitig

The effect is: — There is much less stress within the inactive coils

The effect is: — The material use of whole spring can be reduced
caused by weight optimized starting coils and end
coils!

The effect is: -~ The complete spring becomes lighter!

Der=2"remax
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4. The Ahle-Process

Development and manufacturing of
compression springs with non-constant
wire diameter
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Ahle-Process: 1. Development of Springs
(Evaluation, Design, Simulation, Prototyping)

} Traverse

Summation of linear single-
deflection curves to one
progressive deflection curve
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Complex Stress Conditions in Real Transversal Systems
(bending + torsion = equvalent stress + non-constant wire diameter)

Termination by Finite Elemente Method (FEM)

vvvvvvv

PUNKT

Axle offset Circular arc deflection
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Finite Elemente Simulation

Finite Elemente Method (FEM):
Designed Miniblock-Spring

Result: visualising of equivalent
stress (torsion stress + bending
stress)
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Chargen - Stempel n. Zeichn. Nr. - 1780.4 Teile Nr.:
Schrift: A 4 -16 DIN 30640
Kunden - Stempel n. Zeichn.-Nr. -1779.4
Text: Ch-Nr. Ahle Logo (5)
Schrift: DIN 30640 h=4mm
0,5 mm tief eingepragt ZD4
kurz | 7 |40
o ‘l = wird nach dem O lang |32 |70
| Wickelvorgang abgetrennt (Stempelabstand):
[ 2 30p2008) | 2 4502005 | | 23,00£008 |
(325) (335) (100) (335) 37520
710 £2,0
810 2,0
1145 £2,0
1470 £ 2
Tol fiir den:
i ' L
bis12mm@ +0,08
bis15mm@ 0,12
L h
bis 2000 | 0-30 groflen @-Bereich
bis 3000 | 0-60 bis 15 mm @ +0,05
bis 4000 | 0-90 bis 25 mm@ 0,07
bis 5000 | 0-120
Ziehstein-@ Einsatz- Werkstoff Festigkeit Geflige
i S1 material-@ SR N/mm? = =
S2 O 54 sicr v 680-800 GKZ
Ferti s3 O55¢Cr3 660-770 GKZ
icht des Stabes kg mm @® 50 Crva 660-770 GKZ
Fertiggewicht des Stabes kg Oberflachengiite : nach Grenzmuster ZD
Lineal-Nr./ Progr.-Nr. - rﬁundheitsabweichung : 0,05 mm
[Anderungen: Ersatz fir:
Gehort zu:
Kunden-Nr.:
Schutzvermerk Teile-Nr.:
nach DIN 34 @ A HLEFEDERN Zeichn.-Nr.:
beachten Gebrider Ahle GmbH & Co. Karisthal 51789 Lindlar
MaRstab: Stabskizze Datum:
ohne Beidseitig konischer Stab Name:

Ahle-Process:

2. Manufacturing of wires
with non-constant diameter

Q0

Reduction of material use by
drawing and turning (peeling)

Typical bar-drawing with non-constant wire diameter
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Ahle-Process (Overview)

Process-steps
1.  Design

2 Simulation (FEM) 1. Devlopment
3.  Test spring manufacturing

4 Quality tests

Bar manufacturing (Peeling)
Coiling (rough spring)
Hardening

Tempering

Warm setting

Shot peening 2. Manufacturing
Zinc phosphating

Powder coating

Final testing

Signing

Quality Control ( ISO / TS 16949)

0 0 N O Ul

—
o
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4. Advantages of
Miniblock-Spring

e Implementation of every required
deflection curve

e Low installation space

e Weight reduction (optimized material
usage, light weight)

e Noise-elimination

e Comparison of different spring
systems
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Implementation of every required deflection curve

min . Start rate
m -
progr- Progressive rate

R
R..x. €nd rate
R
P

Foa: force, start of progression
Foe:  force, end of progression
F.: force close to solid length

The Ahle-Process
allows to design
springs with
deflection curves
with a range of
rates up to 1:3!




Small Installation Space
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Small Installation Space
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Small Installation Space

248,08 mm
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Small Installation Space
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Small Installation Space

203,46 mm

" Seite 29



Small Installation Space

181,15 mm
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Small Installation Space
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Small Installation Space

136,53 mm
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Small Installation Space

114,23 mm
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Small Installation Space

91,92 mm
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Small Installation Space

69,61 mMm
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Small Installation Space

Attention to:

58,45 mm




her e:

Solid length:
47,30 mm

=15% of free
length L,

315,00 mm
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Light Weight:

Target: in every coil R — |
section exists a similar Lo
equivalent stress

Solution: The wire

diameter has to be adapted

to stress load within coil

sections (different wire

diameter) FEM-Simulation
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Noises / Corrosion

No coil-contact — no noise, no surface defects!
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Comparison of Spring Types Concerning to One Reference

De
|

/

Lo

Le

; S

S

——

T
Cylindrical spring

Spring weight: 100%

Cylindrical spring
+ helper spring

Spring weight:64 %
(without helper spring!)

[ .
. = @‘—;C»Q@
- ‘a’&ﬁe@
Cylindrical spring Miniblock-spring
non-constant wire
diameter

Spring weight: 74 %  Spring weight: 57 %

The Miniblock-spring is designed as the physical best light weight
spring and has in addition a very small solid lenght
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5. Comparison:

Steel spring — Pneumatic
Suspension System
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Complexity of Pneumatic Suspension Systems

Spring-Damper-Systems (Pneumatic Suspension)

Electrical driven compressor

Pressure tank

Electronical control unit

Level sensors (axles)

Acceleration sensors at wheel suspensions

but:

progressive steel spring solution consits of only one component!
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Fundamental Comparison of Spring-Systems

Properties Steel Spring Pneumatic Legend:
with progressive Suspension System
deflection line
Time Response 000 00 o
Characteristic Excellent
Reliabiliy 000 ??
Durability 00
ood
Practicable Progression 000 00 9
Rate
Length of Deflection 000 000 (0]
satisfactory
Resonance Frequency 00 00
Variation of distance of -——- 000
car-body and ground =
Less good
Manufacturing costs 000 ————
Design of characteristic line 000 000 -
Weight of System 000 ---- No results
- availlable

Energy Requirement 000 ==
Maintenance 000 ??
Stabilizing Control ==== 000
Recycling 000 o
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6. Summary
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Summary

A Progressive Helical Compression Spring with Non-
Constant Wire Diameter Leads to Following
Conditions:

> an optimized material use

> very low weight

> a low required installation space

> noise elimination

> high progression with only one component

> an economical und low-maintenance solution
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Thank you very much for
your attention!



