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Buildup of a synchronous mechanism (Borg-Warner type)

Coupling claws

Synchro ring
\ .,
Synchro hub Z

T~

Sleeve

Gear

Centering mechanism
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A szinkronszerkezet kapcsolasi folyamat szakaszai [1] preppm—
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Designing the locking mechanism (approximate) p——
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Tangential force on the synchronizing cone:
Fax

sina

Fy=puN; =u

Slipping limit on the coupling claws:
F,r = NZSiTlﬁ} o F Fox

F, = N,cosp t = tgB

Criterion for coupling/locking: M, > M,
k> rpFt
Fax > Fax

Tl Sina bigp
rpsSina
e [tg,B ~ Tuk ]
s
A /‘ From locking point of view a blunter claw is preferable,
F.. N\ while a sharper claw makes synchronisation process
B }\<B faster. Charasteristic values:
/
E F, a = 6-8° > arctg(u), to avoid self-locking
N, t B = 46 —64°, the least value, which is able to lock
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Model characteristics and assumptions p——
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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

u 2019. 10. 28.



MUEGYETEM

Synchronous mechanism modeling

GEPJARMOVEK

Definition of states and trasitions of the system m—

1. Neutral state

Independent input, output
sides and sleeve motion .

¥~ < _(pulling back the sleeve)

Sleeve reaches synchro

ring
(early pullback)® 4 .
t 1 1 \
/ I I \
// I :
2. Synchronization R I : 4. In gear
I
Friction torque coupling, Il " Positive locking,
standing sleeve / \ standing sleeve
/ \
/ \ . .
(early pullback) 7 v (switching from
I' \‘lntermedlate state)

Reaching final

Equalization of speed 3. Switching into gear
sleeve position

difference Coupling of friction torque,
moving sleeve
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Equations of motion in state 1 (neutral position) pre—
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Equations of motion:

3, 6,— = W = M

\\ (]2 + m]T',?)QZ = _Ml’z

ms3Sz = F3

Additional equations:

Ml'z - O

$5=0 J,+mr2, 6,
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Equations of motion in state 2 (synchronization) pre—
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U Equations of motion:

]151 = M1,2

(]2 + mjr,f)éz = —M,,

:5:3:0

Additional equations:

My, = sgn(6, — 0,) Yu g,

sina

2
1+e U

sgn(u) =
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Equations of motion in state 3 (switching to gear) pre—
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Equations of motion:
]1é1 = M,
(]2 + mjr,f)éz = —M,,
msS; = F3

Additional equations:

My, = sgn(6, —6,) Yup,

sina

sgn(u) =

1+e~ 04



Equations of motion in state 4 (in gear)

Synchronous mechanism modeling
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Equations of motion:
]1é1 =M,
(]2 + mjr,f)éz = —M,,
S§3=0
Additional equations:
S3 = Spax = CONSt.
Mio = d(8; = 6,) + 1 [(8, — dy)at

Y
Deformation-

free status at
the beginning of
state
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Implementation of the model in Simulink
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Convert »
»
<theta_dot 2~ Abs  Compare Detect  Data Type Conversion Iy S —— - (- TR B T
ToConstant  Change ea e, o 12
= 1
12 theta_dot 2
allapotgep "
I
)
1
I
1 1 theta_2
I 5
" theta_2
_ : I_. I kihajto oldali inercia
PN <hela_dol_o- i | 1
m ’
PPN ;
F3
allapot - ]
kapcsoloero I
Scopel 1
)
1
I
I
)
1
I
]
1
W o
l’ ‘\\
r (2 »— \
: allapot o 1
M theta_dot_1= T 2 i Uil 1
: [ : L =i:|—>{ 2/{1+expf-sigma-u}}-1 }—b " — | N 1
u[11*u[2]*musr, isi }]
i In <theta_dot_2> Sigmeid —>| [11ul2] _ phs) > Wz 1
M_1_2 |
1 - 1
1 F_3 1
: > 1
1
- -
! M <thets dot_1= T _M_1_2 1
1 » - - - 1
I 1
I 1
\ I
\\ Vi
\~______________________________________________________________________________’,

2019. 10. 28.




MUEGYETEM

Synchronous mechanism modeling

Integrator reset —

TANSZEK

B Function Block Parameters: Integratorl =

Integrat Integratari
miegrator Integrator ‘n

Continuous-time integration of the input signal.

Parameters

External reset: [Ie'vel hold v]

Initial condition source: [mtema\ v]

To Constant

Initial condition:

0

1

T Limit output

Te Constantt | ——
ogica Upper saturation limit:

Operator

inf

Lower saturation limit:

thets_dot_1 >l -inf
theta_dot 2 T > ; b+ [T] Show saturation port
L

[] Show state port

Absolute tolerance:

auto

theta_i-thets_2
Integrat: ~ i [C] Tgnore limit and reset when linearizing -
Compare niegrater Gaini

To Constant Addl Q9 ok || cancel Help Apply

Resetting the State

The black can reset its state to the specified initial condition based an an external signal. To cause the hlock to reset its state, select one of the
External reset choices. A trigger port appears below the block's input port and indicates the trigger type.

Input

— W 1 Output
Resat -
—W{f =

Integratar

» Select risingto reset the state when the reset signal rises from a zero to a positive value or from a negative to a positive value.
» Select fallingto reset the state when the reset signal falls from a positive value to zero or from a positive to a negative value,
» Select either to reset the state when the reset signal changes from a zero to a nonzero value or changes sign.

——P = Select level to reset the state when the reset signal is nonzero at the current time step or changes from nonzero at the previous time step to
zero at the current time step.
—Pp « Select level holdto reset the state when the reset signal is nonzero at the current time step.
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Implementing the state flow chart Fe—

l

ures_allas
entry: allapot=1;

[5_3==s_szinkr]

szinkronizalas bekapcsolt_allapot
en: allapot=2; du: allapot=4;

[kiegyenlitadeszz ] Contents of:  szinkronszerkezet/allapotgep
[5_3==s5 _max] :
- - MName Scope Port Resolve Signal DataType
[ ]allapu:ut Cutput 1 r double
fGI(:_]EEit_DEI(EiﬂCSGmSEi [+ ]klegyenllb:des Input 1 double
dUFIﬂQ: Ei||'c'iﬂﬂt:3; [ ] Input 2 double
[ ]s szlnkr Parameter double
[ ]s max Parameter double
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Model parameters

J 1=1; % [kgm*2] behajtdo oldali inercia
J _2=5; % [kgm™2] Kkihaijtd oldali inercia
m j=1000; % [kg] Jarmitdmec

r k=0.315; % [m] gdrdilési sugar

m 3=2; % [kg] tolokerek tdmec

F_3=1000; % [MN] kapcsoldoesrd

8 szinkr=8e-3; % [w] szinkronizalasi helyzest
1

5 max=15e2-3; % [m] max. bekapcsolt helvzet

mu=0.1: % [-] surlodasi tenvyezd
r mu=45e-3; % [m] surlodasi kidzépsugar
alpha=8*pi/f180; % [rad] szinkron félkupszdg

k=1leg&: % [Mm/rad] kapcsolaszerkezet merevséeqg
d=1e3: % [MNms/rad] kapcsolaszerkezet csillapitas

sigma=1000; % [-] sigmoid formatenyezd
theta_dut_l_D=15DD*2*pifED; % [rad/s] kezdeti behajtd oldali szdgsebesség
%

theta_dnt_E_D=1DDD*2*piEED; [rad/=s] kezdeti kihajtd oldali szidgsehesség
s 3 _0=0; % [m] ke=zdeti tolokerék pozlcid
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Solver settings p——
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<\F|nal state reached durlng one

Solver: ode45 (Dormand-Prince) |E|
Relative tolerance: | 1e-3

Absolute tolerance: |auto

Solver: nde 15s (stiffMDF) |E|
Relative tolerance: | 12-9
Absolute tolerance: | auto
Maximum order: 5 Izl
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