DIFFERENTIALS, 16-3-01

Ruud

Hi all,

I'm adding engine inertia to my car sim.

First step was to detach the rpm of the engine to the wheel axle

rotations; so I got spinning wheels with 0 rpm. :)

Next step was to add a spinning mass with inertia that is now the

drivetrain. I've added it in a few parts:

- engine rotationSpeed and inertia

- transmission inertia

- driveshaft inertia

The wheel inertia was already there.

Ofcourse, things are not working out! ;-)

First, are the final drive gears always in the differential? I

previously thought they were located in the gearbox itself.

2nd, I've read about open, locked and limited-slip differentials in

RCVD. It seems I've been using an open model before, since I let both

wheels rotate independently. But I need two variables when deciding

engine rpm change.

One is inertia; this is the effective inertia, which we talked about

not too long ago. Something like:

Iengine*Ntf^2+Itransmission*Ntf^2+Idriveshaft+Iwheels.

Although I have an analog clutch between the engine and the

transmission, I think I get the picture (when the clutch is depressed,

I multiply the clutchFactor (0..1) with either the first term

(Iengine*Ntf^2) or the other terms, depending on which side you're

looking (engine acceleration, or wheel acceleration).

Second is torque (together, I can do

engine_acc=torque/effective_inertia). The torque comes from the engine

torque (from the rpm->torque graph), some friction, and also feedback

from the wheels (that try to oppose the engine's rpm). However, I'm

not clear about the workings of the differential, esp. in the case of

limited slip.

If you have a locked axle, I'd say the feedback torque generated by

the wheel (rolling resistance torque + road reaction torque (FxR) gets

fed back into the total torque for the engine's acceleration.

However, since I'm used to the open differential, it seems, as the

wheels may rotate freely, that the wheels will never generate feedback

torque.

Let me see, in an open differential, the torque is split 50/50

(normally) between both wheels, but the axle rotation speed doesn't

matter to the differential. In a locked differential, the rpm of the

wheels is kept the same, so in that case more torque is given to the

slower wheel (probably proportional to the delta_rpm).

An idea is to have a percentage of 'lock'. Then I interpolate between

open and locked situation, giving a limited-slip type simulation.

Well, that's my view at this time.

But how would I get the torque back from the wheels to the engine?

Obviously, if a wheel is held firmly so that it won't rotate, the

engine's rpm will be (near) 0. But that means the torque must be

transported back through the differential, through the transmission to

the engine itself.

I know the transmission will have some sort of efficiency, since

automatics are 'bad' in engine braking. That's ok. I could say '50% of

the wheel torque makes it back into the engine'.

But as for the differential I don't know. It seems, since the wheels

may spin freely in the open case, that no torque will be passed back.

This doesn't seem right somehow.

Does anybody have a view on this?

Thanks for any help to get my car driving again ;-)

(currently I can get the engine to rotate steadily at 4000rpm for

example without the car having any speed!)

Gregor

the differential is definitely maybe the hardest part to comprehend. :)

You correctly identified the locked axle and the fully open differential

as the two extreme cases. The main difference between the two, though,

is that any (semi-)open differential introduces an additional degree of

freedom in the movement with respect to the locked axle.

The RPM of the engine and the output RPM on each of the wheels are

always in a direct relationship with a locked axle, determined by the

gearing with a locked axle.

In an open differential, it is only the average of the RPMs on the

driven wheels that is proportional to the engine RPM in the same

fashion, but the difference in RPM on both wheels can be arbitrary.

In my sim, I therefore do not deal directly with the RPMs of the engine,

the left and the right wheel independently, but put the focus of my

calculations on the differential. Therefore I introduce the 'symmetric'

RPM (which matches the engine RPM as seen through the gearing and also

equals the average of the wheel RPMs), and an 'antisymmetric' RPM (half

the difference between the wheel RPMs). For both of these it is possible

to calculate the 'symmetric' torques (the properly scaled torque on the

engine plus the torques on both wheels) and inertias (in a similar

fashion), while for the 'antisymmetric' case I took half the difference

between the torques on the left and right wheel to be the

'antisymmetric' torque (with modifications for semi-locked axles, as

will be noted below), and for the 'antisymmetric' inertia the average of

the inertias of the left and right wheel assemblies. Taking that into

account, both the symmetric and antisymmetric RPM can be updated as per

any rotating assembly.

The actual RPMS on the wheels can then be had by adding or subtracting

the antisymmetric RPM to / from the symmetric one, depending on which

wheel you are updating, while, as noted before, the engine RPM matches

the symmetric one.

When the differential is not fully open, the antisymmetric torque also

acquires an additional component that is a function of the antisymmetric

RPM (directly proportional to it in a simplified viscous differential

which my sim currently uses) and the input engine torque.

Well, that's how I do it. Perhaps someone else might have another

approach to share.

