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Abstract 
Strong variations of driving torque coming from the driver may excite driveline first torsional mode located 

at a very low frequency (comprised between 2 and 8Hz depending on gearbox ratio). It may induce cabin 

longitudinal oscillations uncomfortable for the driver and its passengers. To investigate this phenomenon, 

vehicle vibrational behavior has to be modeled at very low frequency. Special attention has been put on its 

interaction with the engine block and mounts including their non-linearities.  

To prevent oscillations, an active damping is added through an engine torque control. This control is 

introduced in a simplified manner on proposed models. A multi-objectives optimization is formulated to 

improve comfort through oscillations reduction and, at the same time, to keep a good driveability. Some 

constraints must also be respected and among them are stability criteria of the feedback loop. Eventually, 

the impact of the coupling with engine suspension on the final result is presented. 

1 Introduction 

Studying vehicle vibrational behavior at low frequency, driveline first torsional mode is one of the first 

modes appearing (between 2 and 8Hz depending on gearbox ratio). It is located just above vehicle 

suspension modes (bounce, pitch and roll modes) which are related to the resonances of vehicle mass and 

inertias on the vertical stiffnesses of the suspension springs. It is just below the 6 engine suspension modes 

associated with the resonances of engine-gearbox unit mass and inertias on the stiffnesses of the upper right 

and left mounts and lower mount (see Figure 1). 

As for all the other modes, a sufficiently low positioning of its natural frequency allows a good filtering of 

the excitations above the resonance. However, passing on the resonance could be critical. For vehicle 

suspension modes, dampers with specifically tuned force-speed laws are required. For engine suspension 

modes, even if frequencies associated to engine speed harmonics are beyond all natural frequencies, 

hydromounts are designed to reduced amplifications under road excitation. For driveline first torsional 

mode, the solution is an active control of the oscillations using a feedback loop on engine applied torque. 

For all those modes, fine tuning is a trade-off between many important vehicle attributes. Regarding 

driveline mode, it is a trade-off between driveability (especially during take-off) and passenger comfort 

(with no perceived oscillation in the cabin). 

In order to reduce fuel consumption and emissions, 3-cylinder engines are massively introduced into 

vehicles. The resulting drop of excited frequencies at idle or at low engine speeds –even more important 

without balance shaft- makes engine suspension design more complicated. An important point becomes 

interactions between loaded suspension modes and engine harmonics. 

Thus, special attention has been put on the interactions between engine suspension and the first driveline 

torsional mode. In this approach, we will use a simple mechanical model with a limited number of non 

linearities. The control will also be introduced in a simplified way to validate the effect of the engine 

suspension on the driveline torsional mode. 
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2 Driveline mechanical model 

To describe driveline torsional modes and their interactions with engine suspension, driveline has to be 

modeled in torsion by giving the main flexibilities and inertias. A very detailed description of the driveline 

components modelizations is given in [1]. A linearized model is deduced to analyze driveline torsional 

modes. Non linearities due to multi staged clutch and gear backlash are introduced in [2]. A visualization of 

the different parts of a front wheel drive vehicle driveline and their connections with the rest of the vehicle 

is shown on Figure 1.  

 

Figure 1: Different parts of a front wheel drive vehicle driveline and its environnement 

We take the same type of model starting from the inertia of the flywheel and the crankshaft. This is linked 

to the primary shaft of the gearbox by a stiffness representing the flexibility of the clutch in torsion (case of 

a simple flywheel). This flexibility depends on the deflection angle in a non-linear manner with a stiffness 

around 0 which is similar to a play. The link from the primary shaft to the secondary shaft of the gearbox 

and to the front drive axle can be represented by a gear ratio depending on the gear engaged. Gear backlash 

is neglected. Differential angular displacement 𝜃𝑑𝑖𝑓𝑓 is related to primary shaft angular displacement 𝜃𝑝𝑟𝑖𝑚

through the global gear ratio 𝑟 Both are turning in the same direction. 

𝜃𝑑𝑖𝑓𝑓 = 𝑟. 𝜃𝑝𝑟𝑖𝑚
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In this paper we mainly considered the first gear which is most of the time the most critical. 

For the differential, the rotation of the gears 𝜃𝑑𝑟𝑖𝑣𝑆ℎ
𝐿 and 𝜃𝑑𝑟𝑖𝑣𝑆ℎ

𝑅  linked to left and right driveshafts have to 

be related to the rotation of the satellite gear 𝜃𝑠𝑎𝑡. As the differential could be turning, its rotation 𝜃𝑑𝑖𝑓𝑓 has 

to be taken into account writing : 

𝜃𝑑𝑟𝑖𝑣𝑆ℎ
𝐿 − 𝜃𝑑𝑖𝑓𝑓 = 𝑟𝑑𝑖𝑓𝑓/𝑠𝑎𝑡. 𝜃𝑠𝑎𝑡 = 𝜃𝑑𝑖𝑓𝑓 − 𝜃𝑑𝑟𝑖𝑣𝑆ℎ

𝑅

𝜃𝑑𝑟𝑖𝑣𝑆ℎ
𝐿 + 𝜃𝑑𝑟𝑖𝑣𝑆ℎ

𝑅 = 2𝜃𝑑𝑖𝑓𝑓

Left and right driveshafts flexibilities have to be modelized. Transmission joints are supposed to be perfect. 

A torque applied to the wheel center is then transformed by the tires into a longitudinal force in the axle 

depending on the radius of the tire. To represent tire, a longitudinal flexibility is positioned at the wheel 

base. A deeper understanding of tire modeling is proposed in the following paragraph. There is a coupling 

with the longitudinal mass of the car body through the longitudinal flexibility of the suspension. Since this 

flexibility is done with elastomeric mounts, a hysteretic damping is added to complete its behavior. A 

simplified equivalent modelization in terms of mass/inertias and stiffnesses is given on Figure 2, differential 

being supposed to be blocked. 

 

Figure 2 : Front driveline vibrational model in torsion 

The first driveline torsional mode corresponds to the movements in opposite directions of the flywheel 

inertia 𝐼𝑓𝑙𝑦𝑤ℎ𝑒𝑒𝑙 and the car body mass 𝑚𝑏𝑜𝑑𝑦 (represented in dark blue on Figure 2) so that all the stiffnesses 

between them are solicited. By linearizing clutch stiffness 𝑘𝑐𝑙𝑢𝑡𝑐ℎ around a working point, the natural 

frequency can be estimated with a good approximation using stiffnesses of driveshaft 𝑘𝑑𝑟𝑖𝑣𝑒 𝑠ℎ𝑎𝑓𝑡𝑠, tire 𝑘𝑡𝑖𝑟𝑒 

and suspension 𝑘𝑠𝑢𝑠𝑝.. The tire radius 𝑅𝑡𝑖𝑟𝑒 allows to convert rotation into longitudinal translation.  

𝑓𝑑𝑟𝑖𝑣𝑒𝑙𝑖𝑛𝑒 1𝑠𝑡 𝑡𝑜𝑟𝑠𝑖𝑜𝑛𝑎𝑙 =
1

2𝜋
√

𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝.

𝐼𝑓𝑙𝑦𝑤ℎ𝑒𝑒𝑙;𝑏𝑜𝑑𝑦 
 

1

𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝
=

1

𝑘𝑐𝑙𝑢𝑡𝑐ℎ
+

1

𝑟2
(

1

𝑘𝑑𝑟𝑖𝑣𝑒 𝑠ℎ𝑎𝑓𝑡𝑠
+

1

𝑅𝑡𝑖𝑟𝑒
2 (

1

𝑘𝑡𝑖𝑟𝑒
+

1

𝑘𝑠𝑢𝑠𝑝.
)) 

1

𝐼𝑓𝑙𝑦𝑤ℎ𝑒𝑒𝑙;𝑏𝑜𝑑𝑦 
=

1

𝐼𝑓𝑙𝑦𝑤ℎ𝑒𝑒𝑙
+

1

𝑚𝑏𝑜𝑑𝑦𝑅𝑡𝑖𝑟𝑒
2 𝑟2
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3 Interaction with the rest of the vehicle 

First of all, to take into account the interaction with the engine block and its suspension, it must be considered 

that the internal combustions generate a torque applied to the flywheel but also a reaction torque applied on 

the engine block. 

Furthermore, it is necessary to rewrite the relation (1) between the rotation of the primary shaft and the 

rotation of the differential. In fact, engine block reaction and the induced rotational movement must be 

considered. To do so, engine block rotation angle 𝜃𝑏𝑙𝑜𝑐𝑘 must be introduced. The previous relation is now 

between (𝜃𝑑𝑖𝑓𝑓 − 𝜃𝑏𝑙𝑜𝑐𝑘) and (𝜃𝑝𝑟𝑖𝑚 − 𝜃𝑏𝑙𝑜𝑐𝑘)  and leads to : 

𝜃𝑑𝑖𝑓𝑓 − 𝜃𝑏𝑙𝑜𝑐𝑘 = 𝑟. (𝜃𝑝𝑟𝑖𝑚 − 𝜃𝑏𝑙𝑜𝑐𝑘)

𝜃𝑑𝑖𝑓𝑓 = 𝑟. 𝜃𝑝𝑟𝑖𝑚 + (1 − 𝑟). 𝜃𝑏𝑙𝑜𝑐𝑘

Besides shafts rotation, engine-gearbox unit is assumed to be rigid and can be represented by its mass and 

inertia. It is connected to car body through 3 elastic mounts defined by their translational stiffnesses in the 

3 directions. The lower mount stiffness in the lateral and vertical directions can be neglected. Along 

longitudinal direction, a nonlinear behavior for the 3 mounts must be used. As far as those mounts are 

elastomeric mounts, some hysteretic dampings are associated to their linear stiffnesses. 

By linearizing around an operating point the resulting stiffness 𝑘𝑒𝑛𝑔𝑖𝑛𝑒 𝑟𝑜𝑙𝑙 of engine suspension in rotation 

around lateral (or engine roll) axis, the driveline first torsional mode natural frequency can take into account 

this interaction in the following formula : 

𝑓𝑑𝑟𝑖𝑣𝑒𝑙𝑖𝑛𝑒 1𝑠𝑡 𝑡𝑜𝑟𝑠𝑖𝑜𝑛𝑎𝑙 =
1

2𝜋
√

𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝.;𝑒𝑛𝑔.𝑠𝑢𝑠𝑝.

𝐼𝑓𝑙𝑦𝑤ℎ𝑒𝑒𝑙;𝑏𝑜𝑑𝑦
 

1

𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝.;𝑒𝑛𝑔.𝑠𝑢𝑠𝑝.
=

1

𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝
+ (1 −

1

𝑟
)

2 1

𝑘𝑒𝑛𝑔𝑖𝑛𝑒 𝑟𝑜𝑙𝑙
 

Another stiffness is added in series to the previous ones. 

To assess the coupling effect between driveline and engine block on engine roll mode, it can be assumed 

that, for those frequencies, flywheel and tire/wheel angles are blocked. Then, engine roll mode natural 

frequency can be estimated by adding the stiffness (1 −
1

𝑟
)

2
𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝 coming from the driveline in parallel 

of engine roll stiffness : 

𝑓𝑒𝑛𝑔𝑖𝑛𝑒 𝑟𝑜𝑙𝑙 =
1

2𝜋
√

�̃�𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝.;𝑒𝑛𝑔.𝑠𝑢𝑠𝑝.

𝐼𝑒𝑛𝑔𝑖𝑛𝑒 𝑟𝑜𝑙𝑙  
 

�̃�𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝.;𝑒𝑛𝑔.𝑠𝑢𝑠𝑝. = 𝑘𝑒𝑛𝑔𝑖𝑛𝑒 𝑟𝑜𝑙𝑙 + (1 −
1

𝑟
)

2

𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝 

For a rolling tire, the effects due to the scrolling of contact patch are well described in H.B. Pacejka book 

[6]. Considering a steady-state movement, lateral (resp. longitudinal) tire forces are coming from the treads 

that are stretching progressively as they are moving forward in the contact patch. Summing all those 

contributions leads to an effort proportional to lateral (resp. longitudinal) velocity. This is valid for 

sufficiently low movements regarding the time for a tread to go through the contact patch. On the other 

hand, if the movements are fast then all the treadband stretches instantaneously and tire behaves as a spring. 

To represent tire behavior in lateral or longitudinal direction, a stiffness and a viscous damper have to be 

put in serie as shown in Figure 3. The damping factor is inversely proportional to vehicle speed which make 

it nonlinear. The tire is in fact the main source of damping for the first driveline torsional mode. 
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Figure 3 : Lateral and longitudinal tire modelization 

In order to work in the time domain, hysteretic dampings have to be converted in equivalent viscous 

dampings. Most significatives values are associated with elastomeric mounts and are therefore coming from 

engine and suspension mounts. Modes whose dissipation is driven by engine mounts are engine suspension 

modes with natural frequencies comprised between 7 and 20Hz. Therefore, equivalence with viscous 

damping is made at 10Hz according to expression . Regarding vehicle suspension, natural frequencies 

are between 15 and 20Hz and the equivalence is done at 20Hz still according to . Other hysteretic 

dampings in the model are low as they come from metallic parts. For them the equivalence is done close to 

driveline first torsional natural frequency.  

𝑐𝑣𝑖𝑠𝑞 𝑒𝑞. =
1

2𝜋𝑓𝑟𝑒𝑓
𝑐ℎ𝑦𝑠𝑡

All the previously mentioned components are introduced in a 3D model in which car body and engine-

gearbox unit are assumed rigid. Some visualization elements are introduced. The 3D model is presented on 

Figure 4. 

 

Figure 4 : 3D model visualization 

x 

z 

y 
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4 Calculation and analysis of the mechanical system responses 

At first, a torque excitation is applied on the flywheel and its opposite on the engine block. The definition 

of time varying torque is taken from the one applied experimentally on a vehicle in [4] without feedback. 

Curves are given on Figure 5. The variation of calculated engine speed is compared with the measured one 

on Figure 6. Cabin longitudinal accelerations are compared on Figure 7. Measured and modeled vehicle 

have significant differences in their characteristics. Therefore, calculated results are not supposed to 

reproduce accurately measurements but we can simply notice the general shapes are effectively similar. 

Without any feedback, strong oscillations due to first driveline torsional mode appear on cabin longitudinal 

accelerations. 

 

Figure 5 : Torque step applied (left : measurements ; right : calculations)

  

Figure 6 : Engine speed variations (left : measurements ; right : calculations)

  

Figure 7 : Cabin longitudinal acceleration (left : measurements ; right : calculations) 
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The effect of the coupling between driveline and engine block as introduced in  is examined on Figure 8. 

Without coupling, the blue curve exhibits a higher frequency for first driveline torsional mode. 

Discrepancies on frequencies are deeper analyzed in the following but the coupling seems to add a flexibility 

as suggests by expression . It also appears that the response is smoother, suggesting that the non linearities 

of the engine suspensions are naturally more solicited with the coupling. Higher frequencies seem to be 

excited by those non linearities. 

 

Figure 8 : Effect of the coupling between driveline and engine block on cabin longitudinal acceleration 

(red : with coupling; blue : without coupling) 

Three non linearities are introduced in th 3D model. The first one concerns engine mounts stiffnesses on the 

longitudinal directions. The second one is the clutch rotational stiffness and the third one is the tire viscous 

damping inversely proportional to vehicle speed. Linearizations around the operational point of 60Nm 

torque are proposed on Figure 9: 

 

Figure 9 : Effect of the 3 non linearities of the model on cabin longitudinal acceleration 

The effect of tire damping is felt on the second torque step at -20Nm. The linearization of the clutch slightly 

increases the period of resonance at the end of the first torque step. For the engine suspension, the maximum 

levels are different with a smoother curve in linearized version. 

Using the linearized model, frequency responses are calculated up to 50Hz with a unit torque applied only 

on flywheel, then on engine block and finally on both. Accelerations are calculated on flywheel, tire/wheel, 

body and engine block. Results are shown on Figure 10. Several resonances are excited. The first one is the 

driveline 1st torsional mode at 2.1Hz. Engine roll mode has a natural frequency of 11.6Hz and can be also 

seen on cabin longitudinal acceleration. Engine pitch is at 15.9Hz whereas engine yaw is at 18.1Hz. 

Suspension 1st longitudinal mode is positioned at 16,6Hz and appears on cabin longitudinal acceleration. 
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Figure 10 : Torques contributions and main resonances on frequency responses 

Assumptions made to convert hysteretic dampings to viscous dampings in the time domain are assessed on 

Figure 11. Black curve corresponds to real hysteretic dampings and the red one to equivalent viscous 

dampings. A good agreement validate the assumptions made. 

 

Figure 11: Assessments of damping assumptions 

Natural frequencies obtained with the linearized 3D model can be compared to those obtained from formulas 

,  and . Stiffnesses values are extracted from the linearized model. Engine roll stiffness must be 

calculated from the engine mounts stiffnesses and positions. The relation between angular displacements of 

primary shaft and differential can be given without link with engine suspension as in  or considering this 

link according to . Results are presented in the following tables: 
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Table 1 : Natural frequencies comparisons in 1st gear between 3D model and formulas  

The agreement is considered very satisfactory on the frequency of the driveline 1st torsional mode. The 

coupling with engine suspension significantly changes the frequency of the mode. Stiffness contributions to 

1st torsional mode can be analyzed by calculating the ratio between total stiffness and component stiffness:  

𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝.;𝑒𝑛𝑔.𝑠𝑢𝑠𝑝.

𝑘𝑐𝑙𝑢𝑡𝑐ℎ
 

𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝.;𝑒𝑛𝑔.𝑠𝑢𝑠𝑝.

𝑟2. 𝑘𝑑𝑟𝑖𝑣𝑒 𝑠ℎ𝑎𝑓𝑡𝑠
 

𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝.;𝑒𝑛𝑔.𝑠𝑢𝑠𝑝.

𝑟2𝑅𝑡𝑖𝑟𝑒
2 . 𝑘𝑡𝑖𝑟𝑒

 
𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝.;𝑒𝑛𝑔.𝑠𝑢𝑠𝑝.

𝑟2𝑅𝑡𝑖𝑟𝑒
2 𝑘𝑠𝑢𝑠𝑝.

 (1 −
1

𝑟
)

2 𝑘𝑑𝑟𝑖𝑣.;𝑠𝑢𝑠𝑝.;𝑒𝑛𝑔.𝑠𝑢𝑠𝑝.

𝑘𝑒𝑛𝑔𝑖𝑛𝑒 𝑠𝑢𝑠𝑝
 

11% 55% 7% 7% 20% 

Table 2 : Contribution of all the components to driveline 1st torsional stiffness 

Main flexibility is coming from driveline shafts with 55% but engine suspension can’t be neglected with 

20%. 

For the engine roll mode, the fact the engine modes are not purely along one canonical direction makes the 

analysis harder but frequencies estimates remain correct and the coupling with driveline not negligible.  

5 Driveline oscillations control 

Active damping of driveline oscillations through a feedback loop on engine torque is described more 

precisely in [3] and [4]. In [5], a mechanical model is used for the simulation and the control of an 

automotive dry clutch. In this paper, driveline oscillations control is addressed in a simplified manner in 

order to assess engine suspension impact. 

A torque is applied on the flywheel. As we have seen previously, this torque can excite the 1st driveline 

torsional mode. The frequency of engine explosions that drive the engine torque is large enough in front of 

the frequency of the mode and it is possible to modify the excitations around the frequency of the mode so 

that the torque transmitted to the kinematic chain do not excite the mode. 

To estimate this torque on the vehicle, we know the engine torque applied Γ𝑒𝑛𝑔 and the engine rotation speed 

𝜔𝑒𝑛𝑔. Transmitted torque Γ𝑡 is the opposite of reaction torque and can be expressed writing dynamic 

equilibrium on the flywheel : 

I𝑓𝑙𝑦𝑤ℎ𝑒𝑒𝑙�̇�𝑒𝑛𝑔 = Γ𝑒𝑛𝑔 − Γ𝑡 

In the frequency domain, assuming that the system is linear, the transfer function between Γ𝑡 and Γ𝑒𝑛𝑔 

without feedback loop is denoted 𝑡𝑛𝑓 and defined by: 

Γ𝑡(𝜔) =  𝑡𝑛𝑓(𝜔)Γ𝑒𝑛𝑔(𝜔)

Then, the feedback loop is introduced by filtering the signal (possibly including a gain factor) defined by 

the function 𝑡𝑓𝑖𝑙𝑡(𝜔). The filter is intended to select the torque’s part which excits the 1st driveline torsional 

mode and to prevent the transmission to the rest of the vehicle. 

 

Γ𝑡𝑓𝑖𝑙𝑡(𝜔) =  𝑡𝑓𝑖𝑙𝑡(𝜔)Γ𝑡(𝜔)

The associated flow chart is the following: 

 

With link Without link

3D model 2,09 2,39 Hz

Formulas 2,14 2,40 Hz

Driveline 1st torsional mode

With link Without link

3D model 11,61 10,05 Hz

Formulas 11,72 10,45 Hz

Engine roll mode
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Figure 12 : Control simplified flow chart 

The transmitted torque is related to the applied torque through: 

Γ𝑡(𝜔) = 𝑡𝑛𝑓(𝜔) (Γ𝑒𝑛𝑔(𝜔) − 𝑡𝑓𝑖𝑙𝑡(𝜔)Γ𝑡(𝜔))

Γ𝑡(𝜔) =
𝑡𝑛𝑓(𝜔)

1 + 𝑡𝑓𝑖𝑙𝑡(𝜔)𝑡𝑛𝑓(𝜔)
Γ𝑒𝑛𝑔(𝜔)

To eliminate oscillations due to the 1st driveline torsional mode, the maximum of the new transfer function 

must be as low as possible. 

Moreover, the torque application and engine speed rise must not be disturbed to keep a good driveability. 

Given characteristic times, this implies that the new transfer function  is almost identical to the reference 

one  below 1Hz. 

Finally, the addition of a feedback loop raises the question of the stability of the response. Open loop 

mechanical system is stable as it doesn’t have any eigenvalue with a positive real part. It implies that 𝑡𝑛𝑓(𝜔) 

doesn’t have any zero or pole with a positive real part. The question of stability is then to make sure that the 

term (1 + 𝑡𝑓𝑖𝑙𝑡(𝜔)𝑡𝑛𝑓(𝜔)) does not have any zero with a positive real part. The Nyquist stability criterion 

can be simplified by checking that the function 𝑡𝑓𝑖𝑙𝑡(𝜔)𝑡𝑛𝑓(𝜔) in the Nyquist plane is leaving the point (-

1,0) on his left. A margin is defined so that the distance between the curve described by 𝑡𝑓𝑖𝑙𝑡(𝜔)𝑡𝑛𝑓(𝜔) and 

the point (–1,0) is sufficient. 

All those criteria can be analyzed on the followings 2 plots with the linearized transfer function of the 

mechanical system 𝑡𝑛𝑓(𝜔) and an optimal filter 𝑡𝑓𝑖𝑙𝑡(𝜔) which is a 1st order Butterworth bandpass filter. 

 

Figure 13 : Feedback loop filtering perfomances 

On the left, the Bode plot exhibits a lower maximum response for the new transfer function (in red) 

compared to the reference one (in black). Below 1Hz, the 2 transfer functions are almost the same. On the 

right, the Nyquist plot shows the distance between the function 𝑡𝑓𝑖𝑙𝑡(𝜔)𝑡𝑛𝑓(𝜔) (in red) and the point (-1,0). 
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In the time domain, filtered torque Γ𝑡 𝑓𝑖𝑙𝑡 is obtained using the state-space representation of the filter with 

the matrix 𝐴, 𝐵, 𝐶, 𝐷. New variables 𝑥 are introduced: 

�̇� = 𝐴. 𝑥 + 𝐵. Γ𝑡(𝑡)

Γ𝑡 𝑓𝑖𝑙𝑡(𝑡) = 𝐶. 𝑥 + 𝐷. Γ𝑡(𝑡)

The feedback torque is then added in the 3D model. The result can be seen on Figure 14 to Figure 16. 

Responses with feedback loop (in blue) are compared with responses in open loop (in red). Once again, 

measurements in the reference [4] are given for comparison on the left column. It is recalled that measured 

and modeled vehicle have significant differences in their characteristics and calculated results are not 

supposed to reproduce accurately measurements but the general shapes are effectively similar. 

 

Figure 14 : Torque step applied with feedback loop (left : measurements ; right : calculations)

 

Figure 15 : Engine speed variations with feedback loop (left : measurements ; right : calculations)

 

Figure 16 : Cabin longitudinal acceleration with feedback loop (left : measurements ; right : calculations) 
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On Figure 16, the treatment of the oscillations due to the 1st driveline torsional mode is very effective. 

Moreover, the engine speed rise does not seem affected by the feedback loop (see Figure 15). 

The effect of the engine mounts non-linearities on the active damping of the oscillations can be estimated 

by comparing the answer taking into account these non-linearities to the one obtained with a linearized 

behavior around an operational point. Both results are compared on Figure 17, the red curve including non-

linearities. Slight differences appear but the attenuation of the oscillations remains the same. 

 

Figure 17 : Engine mounts non linearities effect on cabin longitudinal acceleration 

6 Conclusions 

Strong variations of driving torque may excite driveline first torsional mode located at a very low frequency. 

A simple mechanical model with a limited number of non linearities is described to reproduce this 

phenomenon. An analytical formula  is given for the mode natural frequency and shows a good agreement 

with the 3D model.  

To investigate the interactions with engine suspension, it is necessary to rewrite the relation between the 

rotation of the primary shaft and the rotation of the differential. Engine block reaction and the induced 

rotational movement must be considered. Flexibility induced by the 3 engine mounts can be added in series 

and leads to an new analytical formula . In 1st gear, the natural frequency goes from 2.4Hz to 2.1Hz. The 

contributions of all the components to the total stiffness has been evaluated.  The main flexibility is coming 

from driveline shafts with 55% but engine suspension can’t be neglected with 20%. 

The coupling between driveline and engine block on the engine roll mode has been estimated. This time a 

stiffness coming from the driveline is added in parallel of the one from engine mounts. In 1st gear, the engine 

roll mode natural frequency passes from 10Hz to 11.6Hz.  

To prevent oscillations, an active damping is added through an engine torque control. Driveline oscillations 

control is addressed in a simplified manner in order to assess the final engine suspension impact. The main 

objectives are to eliminate oscillations due to the 1st driveline torsional mode and to keep a good driveability 

while respecting the stability criteria for the feedback loop. Optimization process is done using a linearized 

transfer function of the mechanical system at a relevant operational point. The resulting feedback loop is 

applied in time domain on the 3D model with all the non linearities considered. The treatment of the 

oscillations due to the 1st driveline torsional mode is still very effective. 
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