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COMPANY INFORMATION 
 
 
Name of the company: CREUAT, S. L. 
N.I.F.:    B-67781067 
Address:   Av. València, 6-8 
City:    08750 Molins de Rei 
    (Barcelona) 
Country:   Spain 
Telf:    +34 93 680 03 84 
Fax:    +34 93 680 04 49 
Contact Person:  Josep Fontdecaba i Buj 
E-mail:   creuat@creuat.com 
Web site:   www.creuat.com 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACH DOCUMENTATION 
 
Simulations files (avi format) 
 
Ø Ambulance Conventional road elevation test.avi 
Ø Ambulance Conventional roundabout test.avi 
Ø Ambulance Creuat road elevation test.avi 
Ø Ambulance Creuat roundabout test.avi 
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COMPANY RESOURCES 
 

CREUAT, S. L. was created early 2002 with the aim to develop and 
commercialize a proprietary suspension system. The company was raised with 
private capital and incorporated previous patents filed since 1999. 
 
Currently the company resources can be summarized as: 
 
Human resources: 
 
 Project manage (Industrial Engineer) 
 Prototype manager (Industrial Engineer) 
 Prototype assistant (Technical Engineer) 
 Marketing and Strategy director (Economist) 
 
Facilities: 
 
 Technical office for the project development 
 Component test and verification laboratory 
 System assembly laboratory 
 Prototype installation shop 
 
Technical resources: 
 
 CAD/CAM/CAE and Mathematical software 
 Car simulation software 
 Mechanical and hydraulic precision tools 
 Workshop mechanical tools and car lift 
 
Prototype vehicles: 
 
 Classic Range Rover with hydraulic system installed 
 New Defender with hydraulic system installed 
 Quad Grizzly Yamaha with hydraulic system installed 
 Chassis Nissan Terrano II with mechanical system installed 
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ANTECEDENTS 
 
Ambulances are vehicles built for the transportation of injured and ill people, 

which often require driving fast on all kind of roads and streets, regardless of 
obstacles and weather conditions. 

 
Ambulance manufacturers often use light trucks as chassis of their 

ambulances, and they do the necessary changes to adapt them to the needs of the 
ambulance market. These chassis normally incorporate conventional suspension 
systems based on the typical leaf springs and shock absorbers in the rear axle. 
Therefore, they get a suspension designed for the transportation of goods that did 
not take into consideration any comfort parameter that relate to the transportation of 
persons, let alone ill or injured ones. 

 
Ambulance design and weight distribution characteristics yield a vehicle with a 

rather high masses center, and rather large roll inertias. This makes them prone to 
roll over, and become quite unstable at moderate driving speed. 

 
Currently, the only way to adjust a conventional suspension is to make it 

stiffer, increasing the damping to the point that it can provide a controlled roll 
movement and make driving safer. The overall suspension stiffness is also shared by 
the vertical movement, thus compromising any comfort to the passengers up to the 
point it can become unbearable for critical ill people and the sanitary personnel 
attending them. 
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AIM OF THE PROJECT 
 

The aim of this project AMBULANCE SUSPENSION SYSTEM is to develop a 
suspension system based on the CREUAT SUSPENSION TECHNOLOGY 
specifically designed to suit the needs of ambulance vehicles. 

 
This project is subdivided in two phases: 
 
Ø Phase 1: Theoretical study, computer simulation of different situations and 

measurement of actual vehicle dynamic parameters to determine the 
expected gains attainable with our system. 

Ø Phase 2: Construction, installation and test of a prototype that proves the 
advantages in dynamic conditions. 

 
The first phase has already been completed in our Creuat facilities, making 

use of all human resources and computer tools that we have been applied to all other 
projects carried on by CREUAT. 

 
Right now, CREUAT is working on the second Phase, which will implement 

the prototype on a real ambulance vehicle where to perform all dynamic tests. 
 
To carry on with the second phase, CREUAT is collaborating with 

Planxisteria Bergadana, at Gironella, in order to develop this prototype on one of 
their ambulances. This company has over 40 years of experience with ambulance 
construction, and can provide not only the vehicle and the resources needed, but 
also the experience with such particular vehicle from the driver point of view, and 
make a sensible comparison with the conventional suspension used until now. 

 
The aim of this project is the manufacture and commercialization of the system 

for ambulances as a kit. To reach the goal we need to establish all optimal the 
springing and damping parameters that define the vehicle dynamic behavior and 
improve the tradeoff between stability and comfort so far missed by the conventional 
systems. 
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PRODUCT DESCRIPTION 
 
The company CREUAT, S. L. is the engineering company created to develop 

and commercialize its own proprietary suspension system. At the present time, we 
are involved in the development of a prototype for ambulances in collaborations with 
a very important company. 

 
The AMBULANCE SUSPENSION PROTOTYPE is a passive interconnected 

suspension based in the CREUAT SUSPENSION SYSTEM, designed to separate 
the elasticity and damping rates for roll and vertical movements. 

 
This prototype provides the advantages of a modal configuration without the 

cost and complexity of an active system. Initially it contains no sensors and no 
actuators, and the response to the solicitations of wheel movements is 
instantaneous, as it only needs simple acting rams on each of two rear wheels, and 
one central device. 

 
The CREUAT design is simple and effective, providing better stability and 

handling of the ambulance without the usual stability problems in the corners. It 
allows a great deal of optimization of the suspension settings achieving a roll control 
and at the same tame a great comfort. 

 
Separation of the suspension dynamic parameters permits a great deal of 

optimization of the suspension, which helps to the control of the vehicle without the 
tradeoffs of a simple suspension stiffness increase. In this way, we can increments 
the driving safety without any comfort tradeoff. 

 
The concept of this suspension system can be compared to the active modal 

suspension developed by Lotus in the early 90s, and quickly banned in the F! 
Because of its superiority. The CREUAT design is simple and effective, contains no 
sensors and no actuators, and the response is instantaneous. These advantages 
provide better stability and handling of the car without tradeoffs. 
 

The CREUAT SUSPENSION SYSTEM provides: 
 

• Increased traction grip and braking capabilities due to more evenly 
distributed tire patch loads 

• Increase stability because of the specific stiffness for pitch and roll 
movements 

• Improve steering control over uneven surfaces and increase immunity 
against road bumps due to the low axle-crossing stiffness 

• No comfort tradeoffs thanks to the low vertical stiffness settings 
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INTRODUCED INNOVATIONS 
 
From studies and simulations carried on during phase 1, and the experience 

with earlier prototypes, we have designed a new suspension system that is specific 
for a 2-wheel layout. 

 
This prototype has been designed to be installed on the rear axle of an 

ambulance, where most of the stability problems related to the roll inertia, and 
comfort issues are located. 

 
This is again a passive and interconnected suspension system that controls 

both the roll and vertical movement, and it allows the adjustment of each movement 
separately. In this way, we can optimize the system, making it stiff enough for Roll to 
control the stability, and soft enough for the vertical movement to ensure the 
necessary comfort parameters. 

 
Additionally, this prototype incorporates two control elements that are: 
 

Ø Hydraulic pump to modify the ride height and make an easier 
access for injured/ill people and sanitary personnel. 

Ø Means to block the suspension so it can be further stabilized 
when the vehicle is standing still. 

 



 
 

 

CREUAT_SIAB2007_Dossier.doc  9 de 18 

PHASE 1 (SIMULATE ANALYSIS) 
 

This report contains all the relevant results of the vehicle dynamics tests 
carried out on the Ambulance by the CarSim simulation program. 
 
The table below shows the test program of the project: 
 

   Test conditions 

   Vx Z 
Surface 

Radius 

 Test Description Km/h m m 

1 Road 
Elevation 

Characterization of the 
steady state response of the 
vehicle at variable slope 

100 0.15 - 

2 Rounding 
Around 

Characterization of the 
steady state response of the 
vehicle at rounding around 

60 0 5 

 
 
Description of configurations: 

 
 
 

 
 
Matrix: 
 
Conventional suspension data 
 
SYSTEMSPECS Type=[CREUAT_GENERIC].  Copyright (c) Creuat S.L. 2003 (1.0) 
SPRINGS MATRIX (ROW 0) (N/MM)  = [ 30.0,-10.0,  0.0,  0.0] 
SPRINGS MATRIX (ROW 1) (N/MM)  = [-10.0, 30.0,  0.0,  0.0] 
SPRINGS MATRIX (ROW 2) (N/MM)  = [  0.0,  0.0, 80.0,-15.0] 
SPRINGS MATRIX (ROW 3) (N/MM)  = [  0.0,  0.0,-15.0, 80.0] 
DAMPERS MATRIX (ROW 0)N/MMS-1) = [  5.0, -2.0,  0.0,  0.0] 
DAMPERS MATRIX (ROW 1)N/MMS-1) = [ -2.0,  5.0,  0.0,  0.0] 
DAMPERS MATRIX (ROW 2)N/MMS-1) = [  0.0,  0.0,  5.0, -2.0] 
DAMPERS MATRIX (ROW 3)N/MMS-1) = [  0.0,  0.0, -2.0,  5.0] 
 

Conf 1 Conventional Suspension 
Conf 2 Creuat Suspension 
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Creuat suspension data 
 
SYSTEMSPECS Type=[CREUAT_GENERIC].  Copyright (c) Creuat S.L. 2003 (1.0) 
SPRINGS MATRIX (ROW 0) (N/MM)  = [ 18.0,-10.0,  0.0,  0.0] 
SPRINGS MATRIX (ROW 1) (N/MM)  = [ -6.0, 30.0,  0.0,  0.0] 
SPRINGS MATRIX (ROW 2) (N/MM)  = [  0.0,  0.0, 80.0,-10.0] 
SPRINGS MATRIX (ROW 3) (N/MM)  = [  0.0,  0.0,-15.0, 30.0] 
DAMPERS MATRIX (ROW 0)N/MMS-1) = [  2.0, -2.0,  0.0,  0.0] 
DAMPERS MATRIX (ROW 1)N/MMS-1) = [ -0.5,  5.0,  0.0,  0.0] 
DAMPERS MATRIX (ROW 2)N/MMS-1) = [  0.0,  0.0, 12.0, -1.0] 
DAMPERS MATRIX (ROW 3)N/MMS-1) = [  0.0,  0.0, -4.0,  4.0] 
 
Vehicle specifications and technical characteristics: 
 

Dimensions Length 6000 mm 
 Width 2500 mm 
 Height 3000 mm 
 Length between wheels 4000 mm 
 Width between wheels 1900 mm 
   
Engine Size 5000 cc 
   
Sprung mass  3000 Kg 
   
Unsprung mass Front 100 Kg 
 Rear 120 Kg 
   
Axle Load Front 1150 Kg 
 Rear 2070 Kg 
   
Rear – wheel drive  Viscous – Gear ratio 4.4 
   
Front suspension Parts number  
 Spring  20 KN/m 
 Damper 3 KN/ms-1 
 Stabilizer (wheel equivalent) 40 KN/m 
   
Rear suspension Parts number  
 Spring 40 kN/m 
 Damper 7 Kn/ms -1 
 Stabilizer (wheel equivalent) 70 KN/m 
   
Nominal steering Front Gear ratio 20.0 deg/deg 
 Rear Gear ratio 20.0 deg/deg 
   
Wheels Rim dimension R16 
 Tire width 275 mm 
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Wheel alignment: 
 
The wheel alignment of the vehicle was done with the vehicle in the test condition 
(with instrumentation, without driver) 
 

  Left Right 
Front Camber 0.0º 0.0º 
 Caster 2.0º 2.0º 
 Kingpin inclination 12.0º 12.0º 
    
Rear Camber 0.0º 0.0º 
 Caster 1.0º 1.0º 
 Kingpin inclination 8.0º 8.0º 

 
 
Test results: 
 
Road elevation 
 

General conditions 

Road surface: Asphalt  

Friction surface: 0.85 

Frequency: 
Time step: 

1000 Hz 
0.001 Hz 

 
 
Slip angle rate 
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Yaw rate 
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Vertical acceleration 
 

-1

-0.5

0

0.5

1

1.5

2

0 1 2 3 4 5 6

conventional

creuat
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Rounding around 
 

General conditions 
Road surface: Asphalt 

Friction surface: 0.85 
 

Frequency: 
Time step: 

500 Hz 
0.002 Hz 

 
Slip angle rate 
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PHASE 2 (TECHNICAL STUDY ON A REAL VEHICLE) 
 

In this second phase, we will evaluate the benefits of the system once it is 
installed on an actual vehicle. In our case, this will be an ambulance built on a 
Mercedes Benz Sprinter 313 CDI chassis. 
 

The aim is to determine the objective advantages once the system is 
compared with the solution being currently used. 

 
The current vehicle suspension implements a rigid axle with longitudinal leaf 

springs, shock absorbers and a stabilizer.  
 
Suspension original: 
 

The current suspension system analysis yields the following parameters: 
 

Vertical movement  
 K 180 N/mm 
 D 9000 N/ms -1 
 f suspension 2.3 Hz 
 f real 1.9 Hz 
  
Roll Movement  
 K 125 N/mm 
 D 2300 N/ms -1 
 f suspension 1.4 Hz 
 f real 1.2 Hz 
  
Tire (single)  
 K 400 N/mm 
  

 
Notes:  Damping rate has been estimated assuming it is optimized for the 

vertical movement. 
 
These values already show three important anomalies: 
 
1) Vertical frequency outside the commonly admitted comfortable 

oscillation frequencies  
2) Roll resistance too low, especially for the damping rate (wheel – 

equivalent), witch suggest that such movement is grossly under 
damped. 

3) Inadequate relationship between the tire and suspension rigidities. It 
definitely suggests the need for double tires for such stiff vertical 
spring rates. 
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The main problem with the vertical movement frequency is that it requires a 
leaf spring change to reach low spring rate values around 65N/mm, so the 
suspended mass own frequency gets closer to 1.2Hz. 
 

Vertical movement  
 Unsuspended mass 75kg 
 Suspended mass 900 kg 
  
Roll movement  
 Wheel-equiv. Unsusp. mass 50kg 
 Wheel-equiv. Susp. mass 1500 kg 
  

 
When taking into account the suspension parameters and the vehicle masses, 

the transfer functions are got as following: 
 

Vertical movement frequency response: 
 
 
 
 
 
 
 
 
 

 
Roll movement frequency response: 
 
 
 
 
 
 
 
 
 
 
Conclusions: 
 

FRF curves clearly show the current suspension problems. We can easily 
identify a very high frequency for the transfer peak near 2Hz, with an exaggerated 
value due to the weak tire spring rate related to the suspension spring rate. 
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As for the roll, it is obvious that this is a completely under damped movement, 
where the shock absorbers anchoring points make them very little efficient for the roll 
movement. 

 
 
Stiff dampers conventional alternative: 
 

Given this has been an already tested alternative, It is quite interesting 
exercise to see the effect of harder shock absorbers with the aim to control the 
stability of the vehicle. 

 
The fact that shock absorbers anchoring points and the large roll inertia lead to 

the need of much harder damping for roll, just underlines that proper damping for 
Vertical movements will always leave roll damping too weak, therefore leaving the roll 
movement out of control. 

Inversely, if we harden the dampers to control the roll movement, we will over 
damp the vertical movement up to a pint the suspension will hardly react to road 
movements, leaving all the work to the tire deflection. 

 
 
 Vertical movement Roll movement  
Current 
damping 
 
25000 N/m/s 
(50% A.C.V. 
12% A.C.R.) 

  
Hard 
damping 
 
100000 N/m/s 
(200% A.C.V. 
50% A.C.R.) 

  
 

Over damping problem has not only a negative impact on comfort, it overloads 
the tire with all suspension work as suspension will not absorb road irregularities 
(note how blue and red curves almost coincide, so all suspended mass movements 
equal the tire deflection) 
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Proposed suspension parameters attained with Creuat system: 
 

In view of previous figures and data, we propose the following suspension 
parameters: 
 
 

Vertical movement  
 K 75 N/mm 
 D vertical 8000 N/ms -1 
 f suspension 1.3 Hz 
 f real 1.2 Hz 

 
  
Roll movement  
 K 125 N/mm 
 D 11000 N/ms -1 
 f suspension 1.5 Hz 
 f real 1.3 Hz 
  
Tire  
 K 400 N/mm 
  

 
These parameters solve the three anomalies detected: 
 
 
1) They will reduce the Vertical movement own frequency until reaching a 

value within the range of admittedly comfortable frequencies. 
2) Roll resistance is controlled with an adequate damping rate. 
3) The ratio between the stiffness of suspension and tire becomes reasonable 

and allows the suspension to work in a wire range of frequencies. 
 
In order to provide these values, it is important to set quite different damping 

values for either vertical or roll movements. To understand this need we have to point 
out the low effectiveness of shock absorber too close anchoring points on the rigid 
axle, combined with the large roll inertias of this kind of vehicle. 
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When taking into account the new values with the actual vehicle masses and 
inertias, the new frequency response we obtain are: 
 
Vertical movement frequency response: 
 
 
 
 
 
 
 
 
 
 
 
Roll movement frequency response: 
 
 
 
 
 
 
 
 
 
 
 
Conclusions: 
 

FRF curves show how the new suspension parameters totally the identified 
problems with the current conventional suspension. 

 
Spring rate reduction for the vertical movement has not only reduced the 

system own frequency, but it will allow a better movement control using a lower 
damping rate.  Note that the FRF peak is dramatically reduced, ensuring a higher 
level of comfort. 

 
On the other hand, the increase of roll damping shows how this movement 

becomes controlled. This removes the instability of the system found in the original 
vehicle. The FRF peak value is dramatically reduced, while there is no increment of 
the roll own frequency that attains a value similar to the vertical movement. 
 
 

Current system 
 

Current system 


