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ABSTRACT

This paper deals with the synchromesh behaviour of the manual car gearbox.
Firstly, the gear-changing process, as well as problems of behaviour using the
Borg-Warner type synchroniser is studied and eight main operating phases are defined.
The phases are described using classical tribological, mechanics, and thermodynamics
theories. Mathematical models of phenomena which can be used for description of the
behaviour are collected or innovative presented. And all this models are interconnected
to describe synchronizer behaviour and included in a numerical simulation software.
Measured data on synchronizer test rig are compared with the results of simulation
software. The importance of the dynamical behaviour of the synchronizer is highlighted
by simulations.

Then, double bump phenomenon and stick-slip phenomenon during gear changing
is emphatic studied. Double bump, key phenomenon for the feel of gear changing is
assumed to be the maximum axial operating force coming from short successive phases
at the end of the gear-changing process. And more works are done to define its effects
factors one by one. Stick-slip is supposed to be present in two contact zones: sleeve
splines and the synchronizer cone. The effects in both zones are discussed. Stick-slip is
seemed as a main component of the internal excitation, and the moment of the end of
the indexing phase is determined by it.

Further , improvements of practical use is premited to suggest according to
discussion of the results, which including the number of grooves, the angle of claws and
some others. And more, an innotive idea and relative optimizing structure for
synchronizer is presented to make the gear-changing flexible. Solid foundation is built

for optimizing synchronizer performance.

Keywords: Synchronizer, Numerical simulation, Stick-slip, Double bump, Optimal
design
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LA EZ A REERNE h=10"mH, WAERHORERESERRESK
RWENZMEENTRANRIE. FAETHERSMSNRERE —ENR
S, LS BH TR A ER, HERERRETZ3x10° N-mm™ f1K
F. RURASHERSEREETE, NRESERATEN. FrUBRBEAEE
4EE, FREZAERERSHEIRSH SRS ARER S E. S EANZE
F1 N WYIE2 AR FETRET-ENFERENN, APHRERS. MAH
BRLE R MBI S AR THEAN, SEEFRESATNEE, X HR
FIWIEIAR R AR T RET . BEEANTETURERSARENERHE
R, MEREHKDRETRERANEKAERUARRTH GG ERIOEAIRE.

17



BRI FAR I

B 1.26 XUHMEIEF BB J T
Fig.1.26 Balance of force in the phase of the rise of double bump
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Fig.1.30 Laws of axial velocity and axial force
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p=le (2.73)
)
Fr LA & 1658 0 A A -
W = Wpy + &1 (2.74)
H17 5 A
u=lfzzﬂﬂ-M‘”29“'£ (2.75)
8% i e B oS A2 M AL /N T IR A5 SR B 1 0 B0 A AT el ) 4 B, D
awr'éti<x1 (2.76)
2
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BERRETFEEMRL

NIZE R R ¥ B BUA T AU O
@ RFHKFEREH B
HNEABEEARATHMNERE, RENEERAE, FURHRTELR
BEDHR#E, 4t B FRW T
fi+tanf M,

F = oss Q.77
1-f -tanf r,

252 BHFHHE

B sELRERMNTSLRLSRYLERE, FEEREMIMNE EA
WAKRMAREREZLEMN. EXMELT, LARRA BB
5, BAMRR S HER BT R 5 R L o OO T R R S A . XA B R T
Wk
F, =M”— (2.78)

® n
XAER BART LA SRR SRS R B AR B I B BB TR
2.53 Wi MEHENER

£ 2.1 AEAHHEZ T

Table 2.1 Physical deformed characteristics of materials of the ring synchronizer

SH AW HHH At R
EE p [kg-m™] 8400 7500 7860
HHEEEE [GPal 110 105 210
At [-] 0.37 0.30 0.30

FEXRMEM BT IRE, Him &N, KAk 50N, HEEERFAR.
WA R
® ERK A U H B AR 48 7 A A S
TEAEEKE T
Al=l;-(1+¢-AT) (2.79)
AP e—REKRY (FROAEKRL =185x10"°C")
KRS REER ST
27rAr=27rr-(1+S-AT) (2.80)
HIEAT LA
Ar=r-(l+£-AT) (2.81)
AT = A R38R A -
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2 BERERLY

p=_LAr-e (2.82)
e
2
P e—RPHNFHERE;
Ar—EIN 42,
E—HKREE;
v—afA L.
HIRA A= HED T
M,=f p-Am (2.83)
* 5 RPN = A R
HARNRR = ER Y ERA:
p=—Lhre (2.84)
27‘,2-(1—2j
2
RIS AN R ERHER:
M, =fp-4n (2.85)
*HKNHEM,,
Bt J1%E:
Mad=(M,+MdefiM,m)£§—K | (2.86)
2
AP «—GEERRRNEERA
gl, RBIAHEMERTINHERXWT:
(M, + M £M,, —M,)
F, = (287

%
h

XRYIE SRR RE, Ml A RESEEEN AN TFETEEE (N 2.8 3
& 2.10 ). BHEMAEEREEMANER:

2.8 XU B 4 6
Fig.2.8 Balance of force in the phase of double bump

37



BERKFRLEA R

Frs

Fabagee  Fax

& 2.9 WA

B E A RES T

Fig.2.9 Vector triangle of forces in the phase of double bump

K
B 210 £8E LRLEA p BT «
Fig.2.10 Angles f and « on the sleeve

F =N-sinf+f,-N-cosB~N, sink+f,-N,-cosk (2.88)
F,=N-cosfi-f,-N-sinff=—(N,-cosk + f,-N,-sink)  (2.89)

W BRI E B P e . FEsL b, RMIRAH
KRB FERESILRERR TN AN . ER N EERFE KRR, &
JEEBRREAERERE Y. Hit, RE\EFHEEAXERROAR, FERDARBR

i
Fupli g

N=s-h+k-h

AP AR R RER B,

s—HMNIE (@ 2.11 FiR);

k—HAEE.

S
[N/m]
3-10%

10° |

A

S E—
10 h{m]

B 2.11 Bk i) B R AR 4L A I BE
Fig.2.11 The contact stiffness as a function of the normal distance

WEFHTT I, EEEEETREERSANIMNME, HaTRREMS
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2 BEBEER

WHRMAE. ZMAOMORHESENMEE. 46E5MaARNARE
FKRUEME LA R RER . EXHE G R RNESERBRMTES
WG 05 R E AR AL B R REALAY .«
LU EELRR A E 5 WS KKk R
SEERRRAE WA SRR A
h = \/((1—5)-P—Ld +dPF)’ +(h, - dB) -cos[p-a:ctan[(l_é)f’;i‘zf+dPF]]
(2.90)

SEETR R ImA T 5 A U AT AR -

2 2 h,—dB
h2=\/(§'P_Ld ‘dPF) +(hd_dB) 'cos(ﬂ‘amtan(mn (2.91)

AP B—EEENMRAE: dB=v, 1;
dPF — Wi &R IVI A : dPF =(wp - ac) 1+t
P—HREA IR
E—HEEEME NI EREILRE.
HAibS ¥R 2.12 FE 2.13 Fixr:

B 2.12 BREEE b MHE
Fig.2.12 The definition of #

-
B 2.13 LR b, HIHE
Fig.2.13 The definition of &,
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ERAFRLFALRI

2.5.4 WP E A K R Bl ERE R T

AT RHETRO AP BR—H AR B (LT @7
e, B LEXMHEMERANBETHA. FXLE, BUMSARRENZAS
AE 96mm-s” MBEKMHMEEER T, RAERETHERTELTHRERE
J1. B, WRBEMSERREFRZARNESERRRER, WHhRE 0
RPEEBEANEHE.,

wATfTg, ERSHBRERN, SSENRMAEEANT, HEaE5MER
RMAEEAE, BRYLLE. ERRAOMERT, SEEUAZHMNEREHR [
M%), ES5RASFRKENNEEET, MaEELFRAE. RELHEHE
R, EZAMBEF, W—FETRKIE R BHARKIEN CHIIKIE,
EEZXNMEANRD, AALESENHAEZAE. BETR, a44ELRRH
TE -5 il 5 A T A i EL 7 94 T B0 FEE RGeS, XU o R TR BUR

FUE, SGagrmmEEE L LRANE— MBI ERHES
ZEEHMMABINENEDT, R IIETHH B E N Ep I RRER
. MREMOEENE, SEERSENAFTRANBEL (B Tk
ME=FWRFE (BFS) LHRAAEFTR.

REE=ZFFHRRM LG RER, WAETHALRIHN R, 445N
HRERRA . R —ANBUNORRERE, MuEERMRERERNKN. AT
ESMHIRTH R R, HEAENREER/), CHRELEE-NFEN
Sl 1 S

B 2.14 SRS B
Fig.2.14 Balance of force in the phase of double bump

Frs
>

F.Lring Fax

2.15 BAHFEH BRI R 2T
Fig.2.15 Vector triangle of forces in the phase of double bump
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Vax Fea

B 2.16 XA ERANBRESEELNERH TEE
Fig.2.16 Balance of forces acting on the sleeve during lifting of the double hump

&)

Vax

B 2.17 SR EIRA I RS Ui LA PR
Fig.2.17 Balance of forces acting on the wheel during lifting of the double hump

RELERGEESWMSARALERESNTE, TRERT WA SRED
I ) 5 R
F,r,=(N-cosB—-f,-N-sinp)-r,=6,-¢, (2.92)
XE, fEREMEENERAKTRS RBARSERHEN S SR #ETD L
HRIFZHM. TRAERT &EEEHRANFEHTELS:
F +F =N-sinf+f,-N-cosp—N, sink+ f,-N,-cosk - (2.93)

ATFER KA F, LB
F, =f,-N-cosf~N, sink + f,-N, -cosx (2.94)
Fomi &R TR EN A KM e 2 8
F, =N-sinp (2.95)
RRBFENEL, BNGEEME, WHTENH ALY TR
F,=N-sinfitm-a, (2.96)

APHRERSTRRTMERRTTH. RURES, WEKERTEEHERHN
BhE ARG LS S E R EEE TR, BT RER N, XEAREERIIN
BE. Bmysd, RNHFEEANREER, ORG-S, AXMERT, THEL
SRENERRRK, RZ, WAKE—NMEHNRR. BAFHRENISH
AR S TEEENER TRMAAD. UEERN F, M2l T T IR %
M= RER . S8R R R — M E R MER, AT B L8RS,
TEX R AT IR, MIn— ORI (W 2.18 R,

BT R4 B F 8 R B R R A ) 2 A BT BT, AL 0 B 4l 1
MEEGEES B EREAENER. XHELRE SR R BEEEE)
MASEIR. AARTEISMNENFE N, REARESFTENERS. ENE
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ERAFBLFAR

EFImARER, BB HEF SRR R ﬁﬂz‘zﬁ\‘%%

Fa Fa
N-sinf Fax
IN-SinB+mr-agy
] —t> ] |
— t t
N-sinB-m-agx
v““ Vax A
1 t
a) b)

B 2.18 4B RS HATRRKIH ) a)FEFRHEmATHFE 77 b)
Fig.2.18 Study for the component of axial necessary for diversion a) and axial force to perform b)
255 MEEREENR
WERRRENBRRETUHRERANRZ G, EXHET, F6EU
—ANENBN e R MR BE), MANRAENEEERYT o, NAK. &
B BRIEITSEWTHEN:

W=M-@, =0 & 0 (297
R G MARRAIAERS SRS RRNFUEDINE:
ey RN ;
R Ty

B, o REH, BRATRSBRERALEESERMASENHENEE, XM
MUBRREEMRBEE, AT N0 E 1 MEENE (kA 2.19 fE 2.20
Fﬁﬁ-\‘)o B

Fux
—

ﬁL\

$=0.5
Y y

7

ez’

e Seu
Bl 2.19 &4 0.5 FIRRIER

Fig.2.19 The limit case of ¢ equals 0.5

N
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5=0,

Fau £ \" “t
—

o8 s g
s o b p

=1
Bl 220 &40 1 KIRPBER
Fig.2.20 The limit case of ¢ equals 0 and 1

o &

Fu ‘
— |
P/ y

: /
460t 23 P

B 221 x My it X
Fig.2.21 Definition of x and y

ERFELED, MEEHE EEEREINNRKER y=9 -, BRKE
Ax=gp-r,/tan f (A0 221 Fim). SEMEERE v, , TUEHTREETRE
KR £, =x/ v, SREVIR SIAZE, 0T LAvH 5 4R 3 B B B 7 B2 0 A I
Er=2-0p /1. FTTREMIE I A:

Op- et M

F =% s (2.98)
r
B, SR TR M B An el ) 77 4
Fa,=(2'9"'fz"tan2ﬂiM’mj f; +tan (2.99)
n P r )1-f-tanf

FXF, O ny BHLREER, Hiwh AER T AR EE v, MIRBA 0« FAE
BER—AWEE, LAHTHE, MKRsIAATER. B 7 b A e R r g
InERE 3 F KRN TS K o

red A
ASH lgﬁg
B 2.22 AIEEMEBLHIRNRER

Fig.2.22 Measurements and interpretation for contacts on the frontside and backside

14 t
HEE  WAHR
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BERKRF LRI

RRNDENTSEEEESYLEEMMATRE. BNEEESEENH
MEEM, RRNEEFEDEEEENARREERE. FENBRIHENED,
RERNENRNS . BOLAESWENEHTZM, RENVEFERESEN
WA R IE. FEOME AR, RENENRES . ERRE TR
SENRE LTS RNE ER (W 2.22 Fir).

FEBUA A XU v e TR FH B BRI & U 48 AR BB BUR AKX A0 R, BT A IX
B BEFE—RERA “SUEmME”. SR RENIEE, ELER
HRBER. HZhHERAR S RN RS, BN LR S BT R
B, XMBHRNERNENAmERS CHIERNE) KEFEMRTRHE
T—MRIERRL

26 BT & MEE
FEB N ARG & 0 LA R 5 FARE B B T I BROE, B & iR
SRS ER, BEXHEZRFERE. URI7RE T RAEEENITE.
BRI M M E (1) = 0, -0, EER TR, SHEFESEN:
P=M(t)-0(t)=P(t) (2.100)

aaw{—’f, MIAES B R b

E=[Pdt={M(t) o(r)dt (2.101)
Ko 1, W RHR.
A THERSHEMERRHARSE, FACRPBITHER, ZERWTH
ZE:

*irik 1 4k EEFH

*iniE 2 &b BEIFM

o HMERL,

*FEEp;

*HAEc;

*H#HFRBa=k/(p-c):

CEINEE ;

* BRI HIEFFF 2,

*TENRE R=v-r,/(4a,);

*EMI(R)=n/VR, MER>1.
SEEH o,



2 BABRIEER

*WHRER=0:
1
o, =—
1+£
kl
*WMRO<R<S:
1
o= k, 2r
I+—=.
b j1+0414-(1-e")].1(R)
*WRR>S5:
o, = kl
1+ﬁ%ﬁ
B TR
Q=00
BHTHREHHE.
0, =Q‘Q1

(2.102)

(2.103)

(2.104)

(2.105)

(2.106)

BELRE 214, rﬂﬁfﬁﬂﬂﬁ%ﬁ%%ﬂu%lﬁﬁﬁ#&ﬂu;‘%ﬁiﬂ%ﬁo
BRUAR (1525354), R RE R EM: BB (4535251),

MRS & 640 R B e B

RIH], FABHBMRE O REEERA S, T_ -

FRAXTHEBSHERTNET

X g hHEE.
REB g MBFE O E I T,

F
g=f-pv=f, —=
a

ERAEE AR EEHhE.

27 RS HRFERR
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(2.108)

(2.109)

(2.110)

(2.111)
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271 kEHRE

%ﬁﬁ*%ﬁ%n#ﬂ%ﬁ%ﬁ&%&@ﬂ%ﬁ*%ﬁom%ﬁ@ﬁ%ﬁm
Wﬁﬁﬁﬁ%ﬁ%,ﬁﬁ%ﬁ%%ﬁﬁ%&ﬁ%%%ﬁ%&ﬁﬁ%(wgznﬂf
)

B 223 ¥EBRAAHE
Fig.2.28 Ratings for calculating the torque bubbling

R BRI, 2RI AR.
ek <09, RIEXEM40, WE
14

2

M=L2 r.4.C, (2.113)
2
R A—BHEER;
CM —-ﬁﬁ%\ﬁo
B E KT
A=Ay + Ay + Ay (2.114)
BB EAR:
A, =r*(8-sinb) (2.115)
IR FE T AR -
A, =r-9:b (2.116)
i PR
Ad=2£gb—£— (2.117)
e 2T cosa
R a HEREE A
S RE:
1115 Re < 2000 :
0 (2.118)
M Re
tu%Ree[zooo,lo's];

C, =8.610% -3Re (2.119)
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2 BEBREHRE

MR Re>107:
5.10
Cy = R (2.120)
HiEH:
Re=p2l=p 2! (2.121)
p p
Y z——ﬁmm@mﬁﬁﬁm%&,hmwm@}
k
EEEPB:Zarcos[l——J.
r
cEm3<aro, WA IC#R[41], WIF
r
BiEH:
Re=pL0r_ ,or0r (2.122)
2u 2u
TERH:
. . 2
C, =Sta0te o (2.123)
v-Re
AP
k0=£_1.3

r
ko
1//=0.17+0.13(l—em]

h_
¢, =0.03+ 0.193(1 —e 0025 J

_k
¢ =29-10" +0.012(1-—e ‘“2]
k-
¢, =-0.103-107 +0.323-107° | 1-¢ 03

°ﬁmawé<m,M%ﬁﬁ%ﬁ&ﬁ¢ﬁﬂﬁ2@%&ﬁﬂ%ﬁwo
HERSN

Cu =C,, (0.9)+(C, (1.3)-C,, (0.9)) (2.124)

272 8%, WEHHLEMNIRE
EXRBAEE L, EREHARE R, THMESEE, 8/ 5
AT, WREIEYIZAS . SEIR24], THEEDHARE HERNGR K, RE
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BERAFHLFIL

SCHR[41), THEREEARNTUR.

sl AR AR K
M,,.,,=2”'” dal (2.125)
R-r
Rep I —HEANEE;
R—HhA&MIAMZ;
r—HAKM 12,
o—RAMNE AT .
A A AR TR K :
Ly .n>2000 Ff
| Mm.g=z-1—16-f0~(v-n)§-D3 (2.126)
2.1 <2000
Mm.g=z-16-f0-D3 (2.127)
KX —REBEE;
f— AR EERL
v—IEEhREEE, BT B BT cSt (1eSt=10"m?-s™);
n—H, BN pm;
D—HAKI T ER.
A HAE R
My =ﬂ'#'(Rh_r )w (2.128)
b p—WFREZ BN EE;
R—hA&SME:;
r—HIRNR;
o—RSMNEARXT R .
mﬁimmu,ﬁﬁ&ﬁ%ﬁk%iﬁ%ﬁ%ﬁ(%ﬁ)%ﬁﬁﬁ%:
Mm=0%+0%@—é%j (2.129)

RF n A, BALA pm.

2.8 SR AREERE

AHPERT, SAEMMNERTHRA. FELE, SEEAEEULEN
i, RERE, REERSHRNETR. ASHRZE, XnnE &
HASH, HAET-IMSHRRENTHRES, BRETLHFL. BB
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2 BEBRERR

B, 458/ I%ER. SubENna s BAZRANTIRA0ER. BT, A
NESGEENBIHERT, RAEMWRTIZ. RECE[42], BT RER

EAETRE.

KECEMAREESLRT LRRER, BABENERSE S EHEE
(W 2.24 fi). F RAFRESGE LI, 2 EERREAEHREE.

+ |

(&
B

2.24 KIRATRISURR
Fig.2.24 Model to study the stick-slip [*?

RAEMEHHER:
mi+cx+hke+ p(x-v,)F =0

XIS ECN:

m——IREN Y R &

x—RERINH;

F— BB m J7;

Vb-ﬁiﬂﬁfg:

c—Hh BB ;

k—HF R .

TN

B 2.25 BESRREURIAR X B BhiE B A > A 1

Fig. 2.25 The coefficient of friction as a function of the relative velocity'*”

RA=ZAERER (0 2.25 FiR) MEBRKRECN:
/"(vr) =Sign(vr)'/ls _Klvr +K'3V3
Kb v WHMEREE: v, =i,
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BRRFET AR

Ref o —BEERY
p — BRI B ME:
y, —— BB /NS R R«
BT AR SR MBI, S ARE SR SR PR
Rie B S A B A TSR

t=0:x=x;%=0;%=0

W AR REN:

fox, + (v, ) F =0 (2.132)
ik, BHREMB RSN

%y = ”‘(;Vb)F (2.133)

RIE 7] F BRI v, BERBMA R, AR RRENES.
RESKNAEL, TUBSMES. ¥ERPESNENNEREL. %R
S TR AR, TALERNE TR RS RAMMHE. HE
EAEF R R MBI S ik S MBIREE R AR T A A
TifErt M EE R T, XEASEEUBRK, FUEATENETRRELT
.

2.9 KENG

AEETFHEREETET S EARZNEREROER, M T S5HEE
WULR RIS — BB S, KRR B B A AT T BAIEEREUHT,
2T TRASIRENRNEDE. DML, RSHEE. RHIEE, R
TR RS RS TR, BRT A4 SRSARAEN MR LA
GEZ Sl Eh

T3 R 0 4 AT SRR R I EL 4 S TR L 5 R A R AE B
KA E

50



3 BENESTRRIE

3 HEMESFRRIE

3.1 $ERE
3.1.1 3|8

AR GRRET RRE, VALERTAES (N 3.1 FiR). 25H:
R 8. ZEEMERSESY . RASHS LRI . GRS S, OES
—HIREEBOMBIE. PR RE AR LR S R L MR A s
WEMEREER: CRASBSNRLE—EEMEEESR, TR TM
BRTFR-EEHIASRASBREEEEMPBRY. SIEIER—IHNEL,
HEANBRE. RENER. TEBHXLEHEMBLRALREEE—E, SRS
BHEER, 2RUAEMELERS B RE K/ EEE SRR .

e # LA
BE
) /“‘“‘(ﬁ\'& /‘\A .\
gﬁﬁzﬁﬁ
\ P
AN E R % %
Foren’ PR,
B 3.1 HpgERy
Fig. 3.1 Shift medel

FICBE R R RWOBE, N OBS TEMSH A FAE U Rk 54
BT, RBEHERAEIRTEANEE. B, HFEXETREN, 4T
Uzh, MrETLARNL. U EEERRRSER M=ot . %R
B R R RSB E AR, S BFIRAERER . xR 5
TR, REETRTENDENSHEFELBMEKR.

BR, BEHFATLAE, TEOARSETHRETROZFHENRENER.
ERET, SHBEHUERR, SEEUREMMEEEBS. MERRLEKR
B, ZEEUNERHOEESERMESMEREMENTR, RELREEN
REEE S a A RARRLER B3 5 s

HEL—ERFIH A LRI EAER, N FESEERETMIT (A 3.2
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BERXSD o
,ij .
(
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SUH P s
B 3.2 FESSERKAR
Fig. 3.2 Composition model of the synchronizer
3.12 H{ERE

ERMTET DRI GE R EES. F—FrEEdE#F— 1 EEN
EEWE, WAASHNIEHEREETEES, RERERMELNERE,
ENEBHEASMAZBAERARNER. &5, BIEARKRGTHEXER0
LR, ZRHFTEORBHETEPTERMM LKL, MHRAESTEM
G UBBEE, RHBEAE. BEFEIMHRMRERFERZ A T RI0EEN
T F R SUAE s R

BT ERET BARBFAER, KR e KIS I R BB
XEHMAHLEETHE R, SARERNEEHERRSENTE. Ao
EIUREEE, REHENEE. HRAETRENFARTERRRS R E,

FEMEERRTHAMENMEREE. S FAXHR, FrR—AEED
NHEMREREGR—NMLREEN TR

BT HEARRITHERE, FUVEBRVUTHENFRE (W 3.3 Fir):

*[FF a1

* FppLAg 2

* BRSHIEEI RS 3

* REFHIESI RS 4
BN FRENMABIER:

* LA ZH;

* ShERS

o BRI

52



3 BEHESERRIE

HTEHERENATRNIIR, ETREEESERNBRBIERTH L,
ERENEH—-SIFR.

1 4

B 3.3 BABRLER
Fig. 3.3 Global model shift

3.1.3 RHFE

TR IR 3R AR AT T, RS RO ERE, Zhts
T C++ Builder, 7JLLSZH:

* IRB L S I AR ST i 25 AT Hodt,

* BT AR ENEES.
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1 - EBBHRE tq BERAAN f"]
5
N ﬁﬁiﬁ&ﬁ?& cI’ REGan HI
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Fig. 3.4 Flowchart of the simulation software
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MR EE AR, B—FEEE T EMRENRITTHER. ETRURREK
HRIEE.

AR ERS, AEEAEENRES (0 34 Fir). B—HrmE T
BRI B, GAE 0T AN M = B R T AL E (0
B 3.5 i), SFASHSMAGREmRNERR NS —ERE, BREET
W R 4 R AR, UGN, EXANERIZ, 4E5H 6 REEANE
EAHERME, BIERTHERMIEE.

BNBHLRNT
= 2hh)
1

a('

HH BB R R

Vo =84

B 35 (EKFNE—HS: REEENE
Fig. 3.5 The first part of the simulation software: Start of range

BT R f—/ ER A R T VRARRD ) BRI B R R R BL) (B 3.6 B
X —Br B, 5 T BT MR A /RO [ N DA R AR R
R 2.4.1 FRBMSR M ARERNE, BRBEEENERS, BRESD
0 B R B R T ) R B N B R IR S B — R R
HIE AT RBUE R, MR R, Tk T MR B AR A R R, RS
TR, E%ET W LAREEAXSE . R
kR R RS . R 10E S R R ST B,  BIEEER M. M
fi) RIS A U O B S M SCR

BT TR ESRERANRIARIERE (WE 3.7 Ffim). BRREX—
WEARNTRES, ARREZNRNESERNS Stibeck FEHLIERR, 1
RS R EN RS R, BERREREEAERNRLE. AHELE=
AMER, ) AR RS B R B B K E M BN Z R 2
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EERHE. S0 m
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Fig. 4.1 Heating on the tapered surface of sintered ring (° C)

02 02 0M 02 02 03

71



BERRFBLFAIRI

ARngke

w

D2 04 06 OfS 01 052 03 018 01 02 z om om om0
K i)

B 4.2 HEFESHYERAE DD
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Fig. 4.3 Heating on the tapered surface of the brass ring (° C)
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# 41 ASTERAERSMWAT S LR E
Table 4.1 Measured values of sync box on BFS 30)

BAEE A FHRRSHE C ) RERNASHE C )

MA BE53 P1 +0.07" +0. 04
MA B4 P2 +0. 05" +0. 08
JH FH#H P1 0. 27 -0.16
JH HFHH P2 -0. 16 -0. 14

% 4.2 BERAETN VA ASTERERSIAT 6 LOHRE
Table 4.2 Simulated values of MA sync box with sintered ring on BFS

MA JEEEF B Aa C ) Wil Ry () REHFTAC ) Wil Ry (N
P1 ~0.27 368 -0.16 261
P2 ~0.16 317 -0. 14 297

%43 BEEHETN N ASTRAEERSURFE LRHRE
Table 4.3 Simulated values of MA sync box with brass ring on BFS

JHEHHE HHAe C ) Bitih R, N RERFAC ) HfiH Ry N
P1 0.07 525 0.04 424
P2 0.05 346 0.08 446
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B MR REES RROEENER. ERSHER, BTRIASHEE
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—FIAR RS AE—E, BTLLTHE R AR R A
4.1.4 BFS ik /Y500
AR S B R E Y, FAXEWT ISR E . E75
b P2—PLERYE L P1-P2 RSO XU AP 1/ (0 4.7 Fim). REIT: %
BFS b, SUAm& HLB KA KBS, E5—HERPINE, DAXRER
FeHl. T T8 5EREE IR LA KT K.
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Fig. 4.7 Frequency of the double bumps with sintered ring
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Table 4.4 Simulation of the synchronizer of the JH box on BFS
Hry FPHME GENENFR,, N BRAE ) BF (O

P1—-P2 FHH 180 8.2 0.453
P1—P2 VSN 160 5.4 0.291
P2—P1 HFHH 292 170 6. 143
P2—P1 LI 66 177 7.501
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Table 4.5 Influence of chamfer angle of the claws, JH box on BF

‘{q]ijJ Fblﬂ"? (N) ﬂslecve = ﬂwheel = 560 ﬂs]eevc = 56°’ﬂwheel = 520
HRA 180 154
B4 160 137
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Fig.4.9 The modified control of operating phases

43 WS EREFENHTMAR

A ERRENBRET AN ERANBRZE, EEIMRT, A%
—MRANNBNHRER B, MERRHENEAERDT o MAK. §
BRI SEW T %R

W=M-0,=0,-- 0, (4.1
AF G —MEEREHMEET S SRR SRS A BRE,
e RIEE;
IR .

B, o, BEH, HATRASHEREENAESESELMSENHEMAE, X
MENUELREEMREAE, EAE—MN 0B 1 HFEHE (E 4.10 1B
4.11 FiR).

71



BERRFHLFRI

e —
—_— —
. AL¢= 05 p

B 410 &4 0.5 FIRMRIER
Fig.4.10 The limit case of ¢ equals 0.5

0
—

g6 WA P

—r\/\——
=1

B 411 £ 0F 1 MRS
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Fig.4.12 Measurements and interpretation for contacts on the frontside and backside
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Fig.4.13 Simulated variations of the angular velocity of the wheel
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Fig.4.17 Dynamic force after the stick-slip superimposed on the static
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Fig.4.23 The law of variation of friction coefficient

XA, WA R EA B AR RIE, S HIEEIEERE) (WH 4. 25 Frr).
B 4.24 38 4.26 2R TXAER. FHEERBOZMEN, EBAKENE
BUNOER T#THE, BEHIRRTHARE.

085 096 o ) o] ‘1 1] 102 128

RHABULS

R
ooy

4.24 WA EREENRNL
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Fig.4.27 Dynamic force after the stick-slip superimposed on the static
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Fig.4.30 Dynamic force after the stick-slip superimposed on the static
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Fig.4.35 Dynamic force after the stick-slip superimposed on the static
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