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Buildup of a synchronous mechanism (Borg-Warner type)

Sleeve

Synchro hub

Synchro ring

Gear

Centering mechanism

Coupling claws
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A szinkronszerkezet kapcsolási folyamat szakaszai [1]
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Designing the locking mechanism (approximate)

Ft

Fax

N2

β

α

rμ

rb

N1
Ft

Fμ

Tangential force on the synchronizing cone:

𝐹𝜇 = 𝜇𝑁1 = 𝜇
𝐹𝑎𝑥
𝑠𝑖𝑛𝛼

Slipping limit on the coupling claws:

ൠ
𝐹𝑎𝑥 = 𝑁2𝑠𝑖𝑛𝛽
𝐹𝑡 = 𝑁2𝑐𝑜𝑠𝛽

⇒ 𝐹𝑡 =
𝐹𝑎𝑥
𝑡𝑔𝛽

Criterion for coupling/locking: 𝑀𝜇 > 𝑀𝑡

𝑟𝜇𝐹𝜇 > 𝑟𝑏𝐹𝑡

𝑟𝜇𝜇
𝐹𝑎𝑥

𝑠𝑖𝑛𝛼
> 𝑟𝑏

𝐹𝑎𝑥

𝑡𝑔𝛽

𝑡𝑔𝛽 >
𝑟𝑏𝑠𝑖𝑛𝛼

𝑟𝜇𝜇

From locking point of view a blunter claw is preferable, 

while a sharper claw makes synchronisation process

faster. Charasteristic values:

α ≈ 6-8° > arctg(μ), to avoid self-locking

β ≈ 46 –64°, the least value, which is able to lock

Fμ

β

Fax
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Model characteristics and assumptions

Modeled parts of the system: input reduced inertia (rotation)

output reduced inertia (rotation)

sleeve (progression)

Assumptions: simplified, rotationally symmetric parts

process divided to four main parts only

swtching only from neautral position

frictional losses neglected

Model input: axial switching force
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Definition of states and trasitions of the system

1. Neutral state

2. Synchronization 4. In gear

Sleeve reaches synchro

ring

3. Switching into gearEqualization of speed

difference
Reaching final

sleeve position

(pulling back the sleeve)

(early pullback)

(early pullback) (switching from

intermediate state)

Independent input, output 

sides and sleeve motion

Friction torque coupling, 

standing sleeve
Positive locking, 

standing sleeve

Coupling of friction torque, 

moving sleeve
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Equations of motion in state 1 (neutral position)

J1, ϴ1

J2+mjrk
2, ϴ2

-

m3, s3

F3

s3=0

M1,2=0

Equations of motion:

𝐽1 ሷ𝜃1 = 𝑀1,2

𝐽2 +𝑚𝑗𝑟𝑘
2 ሷ𝜃2 = −𝑀1,2

𝑚3 ሷ𝑠3 = 𝐹3

Additional equations:

𝑀1,2 = 0
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Equations of motion in state 2 (synchronization)

M1

s3=ssynch

F3

M1,2

F3

rμ

μ

α

Equations of motion:

𝐽1 ሷ𝜃1 = 𝑀1,2

𝐽2 +𝑚𝑗𝑟𝑘
2 ሷ𝜃2 = −𝑀1,2

ሷ𝑠3 = 0

Additional equations:

𝑠3 = 𝑠𝑠𝑦𝑛𝑐ℎ = 𝑐𝑜𝑛𝑠𝑡.

𝑀1,2 = 𝑠𝑔𝑛 ሶ𝜃2 − ሶ𝜃1
𝜇𝑟𝜇

𝑠𝑖𝑛𝛼
𝐹3

𝑠𝑔𝑛 𝑢 ≈
2

1+𝑒−𝜎𝑢
− 1
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Equations of motion in state 3 (switching to gear)

M1

F3

M1,2

Equations of motion:

𝐽1 ሷ𝜃1 = 𝑀1,2

𝐽2 +𝑚𝑗𝑟𝑘
2 ሷ𝜃2 = −𝑀1,2

𝑚3 ሷ𝑠3 = 𝐹3

Additional equations:

𝑀1,2 = 𝑠𝑔𝑛 ሶ𝜃2 − ሶ𝜃1
𝜇𝑟𝜇

𝑠𝑖𝑛𝛼
𝐹3

𝑠𝑔𝑛 𝑢 ≈
2

1+𝑒−𝜎𝑢
− 1
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Equations of motion in state 4 (in gear)

F3

M1

s3=smax

M1,2

F3 Deformation-

free status at

the beginning of 

state

Equations of motion:

𝐽1 ሷ𝜃1 = 𝑀1,2

𝐽2 +𝑚𝑗𝑟𝑘
2 ሷ𝜃2 = −𝑀1,2

ሷ𝑠3 = 0

Additional equations:

𝑠3 = 𝑠𝑚𝑎𝑥 = 𝑐𝑜𝑛𝑠𝑡.

𝑀1,2 = 𝑑 ሶ𝜃2 − ሶ𝜃1 + 𝑘  ሶ𝜃2 − ሶ𝜃1 𝑑𝑡
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Implementation of the model in Simulink
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Integrator reset
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Implementing the state flow chart
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Model parameters
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Solver settings

Final state reached during one

timestep

Missing state 3
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