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Figure 2-1. Structure of Hydraulic Shift Unit
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Figure 2-2. Structure of Compressed Air Shift Unit
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Figure 2-3. Structure of Electric Motor Shift Unit
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Figure 2-4. Structure of Electromagnetic Shift Unit
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Figure 2-5. Cross Section View of AMT Transmission

o]

=t
@]
B
Q
)
~
o
a
S
o
<
N

Rear
Select Direction
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Figure 3-7. Structure of the shift control system and synchronizer.
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Figure 2-10. Detailed structure of the synchronizer.

Point Angle - |ldmm
1.8mm
58° "l ~
| ]
Index Position 1/4Pitch Rotate

Figure 2-11. Operation of the Synchronizer.
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Fy=Fcos0

Figure 2-12. Decomposition of force at the chamfer.
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Figure 2-13. Resistance force acting on the shift operation system
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Figure 2-14.

State of the copper wire winding around the bobbin.
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Figure 2-15.

Copper wire diameter d (mm)

State of the copper wire winding around the bobbin.
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Figure 2-16. Relationship of Attraction surface shape and the thrust of the

electromagnet.
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(b) 2Step taper shape has 6-degrees of freedom
Figure 2-17. Comparison of shape degrees of freedom.
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Figure 2-18. 2-step2 tapered shape has the 3 times proximity of the edges within the one

stroke.
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Figure 2-19. Static magnetic field analysis results of the final shape.

10

30A

u\ <Attractive direction| |
8

| 20A e \ Target thrust |

Electromagnet Force (X 100N)

15
Shift Stroke (mm)

Figure 2-20. Static magnetic field analysis results of thrust characteristics.
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Figure 2-21. Final shape of the electromagnet for shift acruator.
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Figure 4-5. Inductance map of electromagnet for air gap and current.
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0.2

D FEAfE, X . FEELE, x: > 7 b A br—2, 050
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4.4 I a2b—Ta v

44.1 PD il
WHIZ PDC T 7 M@ A1T>7-, PDC OFIEIH T u i x 227 b A
fe—7, X #BIENE, G ZWEl75A Yy, G Z2WMnr4y &35 LR 4-9)
XV IRESNSE YD, 22 Txldx =dvdt Th B, EHIENS o 1 ZERG
~OHUNEEIZAHEY L, 24V=u=24V DIEEI D, F72 u 3-24V=u<O0V O &
TIXERA 2 ITEEZEIINL, OV=Su<24V O & X IITEMA 1 ICEE LRI
Do

u =G, (X —x)—G,% (4-9)

4T 1IN 7 A GGy B AL S BT & & OFHE D D &L &R, £T-
o [ ALENIHE OFE RS 7 F 2 b —27 23+ 12mm 2B 2 7220y I HlE 7
A OMBEDLEERT, U ab—a BT TCTRHMIE D 23 b/ &
<, »OY 7 FA =27 R3E12mm UN & 2o 7=l 7 A v OMBAEbEE
WA v e LT (BAL), X 4-8 13 BAZRALE % Isec IO =2 — K7
NMLENS—FDOXT A ALE, =a— T AANE, MGFOXT A AL, &
BIZH ) —E=a— FIANENEEIS T L EORHET A AT K D il
Vial—va UHEiRTH A,
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Shift Stroke(mm)

50

E
X
Q
. L
1.0 s 4.5
G« 10
Figure 4-7. Relation of the evaluation value D over G; and G
(Optimal Value:G,=4 X 10°,G,=3.4 X 10%).
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— — — Target Stroke | |
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Figure 4-8. Control result of PDC.
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442 ATAT 4 v 7 E— Kl

WIZERA Y7 b=y hOHIHEIZ SMC % H L7, R X(4-10)C X
DFRENDHETHE SMC OFIEH S uw iZRE-1DIC LV E2 605 YY), =22
VG; IEE(4-10) D Fmag &j: Fmag:Fmagl+Fmag2 ‘/G%éo

Xq = Axq + BFyq, (4-10)

a(xq)

llo(xa)ll

u=—(SB)"'SAx, + K - (4-11)

¥, UHITo(xg) = Sxqg THY, KIFIHFERBHIIDORE S L5,

RIEEEE xi=[xa1 xp)" & BE x0 (WX —X), X (AR 72 DRSS % B
L. RONCBWTHIEI E L TR A DHUTBIR S F, DI Txp ORI E R D,
W 1 LA ORI 72 ST BT IERIEE 03 3 < BB bR CH D, b
A~ T TAITHZEIFIAEETH H D, A TIELPDC, SMC, EEC
IZBWT 2SO EZHIE BT RO T & LT, filEEs R 2 g
HZEE LT, o, MU EZERE L, S=[s1 s2]& LTH4-11)% EH
THE S ITT XN Tsi/sa DIRICELEDODHZENTED, TZTsh=1¢EBZ 5
DB ZE U OEEFE S A L LT O 2L 75, LLEDRTHRTE~
U w7 R%RDD EX@-12) 75, 22 Tm: iR OE R, CiliEx
LOWRRE LT 5,

S=1[s; 1], A:B %%A,B:hﬁJ (4-12)

N7 A AN K, I ANT A—2Zs ZH0, K & sy DIHBE DRI
7 MY R 2 L= g U EITo - L & OFIERE SR L, 2(4-8) DR R
Ba A CTHRIE O 21T > 7=, HE O 3R 22 X 4-9 (27”7, FKOAR
FNZHIE O 7 A Ma—27 03 +12mm 25 2 ENESFTEEN A L
o TEGAETHY, BIHENIE OH CTRHMIEDS Fi &K < 72 o 72 el 72 il 18
A OMAEDEERT, KBTS A TOY T Ml I = b—3 3 U
R 4-9 |27,

55



Shift Stroke (mm)

S1

Figure 4-9. Relation of the evaluation value D over K and s;
(Optimal Value:K=3 X 10°,5,=15).

12
r
| |
— Shift Stroke | |
---- Target Stroke | |
|
0 - |2
|
|
|
|
-12
0 3.5

Time (sec)

Figure 4-10. Control result of SMC.
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4-4-3. LG A

B1ETHIRZ K D1 EEC 137 A VAN = 2 VX O A2 A
T HRI T 5, BARMIZITHIE G oEE = /L% &, BEMESEE TIZ
T 7 F 2 —Z 03 LS D il Eh S (UL B rTRE AL EE) & g LB = )L
DHIEN AR R LV b RELS oo & XL, TV F a2 — X B K& 1005
R KHENZO) 0 B2 D6l FETH D, BESOMEDMMERET, 77 F
2 T— X DISEEILS 72 WEAIRE T H AV Z OfilE 715 THIE R 5 & B FE
MESNHECTEL Z EIXEHTH D, L, REIITEED, B, A
BN DD T 4 — KNy VBB N ME L 705, EEC TllER = R /L¥ &
By FTRE (155 o bl & S BEIZAT 9 2 & T 0 — RNy VB Z D
ATV D, 411 SRR B, fitihEB) — R L 7%
o IR 2453 5, HlEES wy, 3@-13)LvkHons, 22T, B
1), 0)NEZ I EIVERA | fOVERA 2 OHE) 2B x TRy LT R %
2R TRAD “FREMUI LI TH S, FioEB T 2 LX TEX(4-14) L VRO 5
héoK%@®%@Mﬁuiy7kth 7 x 1ZxF L (4-15), (4-16)X v Pk
EIND, T2 CHEB=RLVFITITEERO ALY EADKFFEM L Tno,

X
W, = f Frae (0)dx = g,0) — 9, ()

(X—x20mdﬂ=gﬂﬂ
X —x<0:9.(x) = g,()

(4-13)

T * 1 ¢ 2 (4-14)

= — s MX -
HE
S;i=W, —-T' (4-15)
S W,

=L _P_p () (4-16)
RINIA

R@-13) TILBEREA DI RHET] Frax(x) 2 F85 LB AIREML 2 L2, &
Ralb—ya UTIEETOERAHE 2RSS LT 4-12 [TRTA e —7 12k
THHIE ARELF AR, [T 7% 2 kB TERI L7z LT, BEMETO
BN LT L BED X b v — 7 (L CORIEMEF O 20 & Hil 8 rl (3 & F
fé & CHEE R SRR R 2T O LEMENIE L 220 1 HI4EE B o F

REftEA KDDL ENHERE /D, —F7, HilfEXIG S = L3 L)
ﬂ%@gikﬁﬁﬁ%%mbko:@%KEH:?@%%&%@%%%mT@
BRI ZREH T2 LRI R W FEDT 7 F a2 — 2 THRGITH D
ZLEINTE D,
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X CDICHIERI O 4 M 2R T D70, A VX7 XA EFa b L, #Hl#
RIS EBENDNEVREEDO Y S 2 L —33 g3 V&2 7o, X 4-13 123 2 L—3
g VR ETRT, A= a2 — PO BRI RHIERERAE LN TEY, B
WISRBE AN TE L THEHLCHL T 7 F 2= — % OISE RS EGT
AKEEHR 2 EHATRE TH D Z L WNbhroT-, WRICA v E I X A%EE L, &
WA EEBNARET DRI N Ty I a2 b—Ya v ToT0, MR
4-14 \ZRTHY A — "= 2 — MR E S BRI HfE RN G oo T,
ZHET 7 Faxz—FHTIOINEBRNBRKE L, §il#E L THEE LTV D HE) A
REfLE & RIS A T & DBl ae S & OTEBEN K E W oIz, BEEh) & il
E~OUHLHEDR BN TWDH Z ENFHRTH D EE X BN D, UHHED ¥ A
U7 IEHIE TR FEOHEM A /NS THILETRDLIENTE D, £2
T, flE AR FEICENTE S A v Ky (0<K,<1) ZHNT 52 & TIREENLD
FEZIT > 70, BAVHIEZ OGN ) wi3(4-17),4-18)Ic LW B2 b5,

S' KJXF (x)d * L (4-17)
| = x)dx — ———mx -
L d . max ||x||2
,_ S
W = 1o Fna () (4-18)
1

= OFEONARE _EOYIHEEE K 4-15 125, F7- Ky loxbd B EHiE D %
{ta™ 4-16 IZRrT, ARENEY 7 A P —2 NE12mm 2B ho7-2 &
R L, BRIENIZFORTEME D N b /N E < e o T felifil &2 =3,
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Figure 4-11. Phase plane of EEC.
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Figure 4-12. Possible braking work.
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Figure 4-13. Control result of EEC  (When inductance is

set to zero).
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Figure 4-14. Control result of EEC (When inductance is taken into consideration).
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Figure 4-15. Output change rule of EEC in consideration of response delay.
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Figure 4-16. Relation of the evaluation value D over the delay adjustment gain K(Optimal Value:K,~4
X 107).
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4.5 TIal—g fER

4-17(a)~(c)IZ PDC, SMC, EEC K& O/ T A —Z |2k 57 Ml
VIal—va rORRAERT, £z Table 112 LG RIcB1T 54—
—a— &, ROWIEEE O B2 E U THENZ LT 5 HIENE A B
(L& D+0.25mm LANIZIN IS 5 F CTONHRFF 2 7777, 2 il o il s 5 4 b
W4 5E, =a— M ITANLEN DX T A UALE~OFE CUL AR 235 b H )
S72DIX EEC TH D, ZHK LA—"—va— bbb iahofzoid
SMC T Y, EEC & SMC IZIZIEFE O HIEF R & 5 2 5(K 4-17(b)). KIZFK
TANEND = 2— N T ANESOFIERE R 2 T 5 &, EOfERlS A
—/N— 2 — NI S T2, BORFFRIE EEC 238 S £ < RIZ SMC, PDC @

IE& 720, EEC 23k B T - 72(4 4-17(c))s

Aal, EEC TIXHIEHE o2 A4 I 0 7 OB Z T L=, SMC & [FEE
WZHIEH oKk & & 4T, L0 A — 38— 20— b O 22T EE SR8

BohsbneEXbND,

Tablel Convergence times and over shoot strokes.

Target Position Gear In Neutral
PDC Convergence Time 0.35(s) 0.25(s)
Over Shoot 1.1(mm) 0(mm)
SMC Convergence Time 0.271(s) 0.301(s)
Over Shoot 0.60(mm) 0(mm)
EEC Convergence Time 0.267(s) 0.218(s)
Over Shoot 0.8(mm) 0(mm)
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Time(sec) 3.5
(a) Control simulation result of EEC, SMC and PDC
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0 \\* \ ———— oo IR T
-1 ; SN
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(c) Enlargement of area B

Figure 4-17. Comparison of the control simulation results.
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4.6 AKEOELD

AR ETIIHENER AL 7 b=y MBI DM RED L EZ HW
E LT, =X RHMEGEIE(EEC) ZfeE L, Hlily I 21— aa179 2
CLIZEoTIROZ ENRBHL MM E o T,

(1) A Tl AT HIE R TEC L > TEMA T 7 b=y M &+l
VG‘% é : k 75§b75)") 7L\_o

Q) ERA Y7 b= bOFHIENZIZ EEC F£721% SMC 288 L T\ 5, FFiZ
22— h T ~OHIE TIX EEC BN bEN TV,

(3) EEC XHIHRIISEENNIELS, 77 Fax=—X O IFERBETHN
X, FERERENEEOT 7 Faxz—2 ThHo THHIEF A VN ARETH
%o

(4) EEC O RIZISEENDA D56, IWEEBNMIE N7 A =213 1 DTR
<, NIA=FORBEILPES TH D,

LI o> X 512 EEC OFIERIE LToOSMSM:, HHMA S Ial—ia itk
O CHERT 52 LTI LD, WHTHRMICTRIEEAT 5,
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5.1 AEOHB

FA4ETTIVIalb—va CTEMAY Y b=y FOHIFNZ EEC % i#E
ML, %@%%%ﬁﬁbtoﬁ%kLTPMZJD%EW%ﬁﬁ%#%%Mé
& T SMC L IRIFRSEOKIERE R G b7z, BHOZ OfEEIX PDC & SMC
ﬂﬂﬁﬂ7%—§%20kbk (2% L EEC TIEil#E NT A —2 % 1 DIZIR
mbt%%f%%htﬁ%f%é FEfE R LD EEC o4, Atk
2 b—a VICTCHER SN D L 42 SMC ° EEC # W5 Z & TPDC LV b

WA 7 b= b OHIE Mﬁ&%éfhéT EMEDV RSN, (L 2y
Ral—vaUERTHY, BEOHIECIEE Y — A X0, BEOEH)

SRR T R EDORAERS, BEHMAOEH K7 A NOISEENRE, v a
L—3a UCIEHEBRLEN R o R ABER G HIEERICEEEZ 5 HEE
26D, ZOT-DEMIIMEENMNIEL 2D, £ T, KRETIIEKRA Y
T hazmy " T U A vl g IR LIREE T, 7 N T O E HIE
Fk A T T 5,

FEERIZIENL B PR 21T o 7203, FEREIC SMC ° EEC 3% & F v ¥
VU TRREELRLT W ERbooTe, 2D, SMC & EEC I[ZI3fRFBIEL
RlAIATeZ & L L7z, 72 EEC ([ZIFH O KRZE é%wfﬁ%lJBETé/\&f 2%
BMd252&E Lz, 22X SMC, EEC O#flfE T A —4%133 oL 7z

— . FEETIREE ) OEBMBA R 5 > B0 OREN TR I NS T
. PD il 2 C PID Hil#I(LLT#% PIDC) &2 H 95 Z L & Lz, ZHicdky
PIDC OHfHI/RT A —2H 3 DL 5,

AT TORIE AT A —X OF#ELTIX, HIEAST A =2 PRHERKTH2OT
HoT-TmOERBIE G DR, OV Ialb—r g TholzlzofY7=0n T
RIEMEO®EREEZIToT2, L L, KRETITHIEANTZ A —F% 3 DL LIz,
HfH 5 A —2 OAGDENR L FERICTR YD THRIE/NT A —F O
REAT O DIFHERN TR, T2 T, KETIIZ 7TFAY v REHWTAZ A
— X DORELEITO L E L, 2T F A Yy REAWD Z & TETOHEH]
X LR Uit FIEZ @A 5 2 ENAfREL 22D, X7 TF A v RIZX 5l
T A= OFEbIcBE L TE, EE7 7 vy FOPID+7 4 — K74 U —R
FIEHOHIE T A —Z OFHEIL Ve, Z7F AV v REBGHT ALY XL
ERAG T PIDC OfFHFIEORE >P0, ZaflE e HIE Yo
PIDC DOl ST A — & Fadfb 72 & O T T %

ARFECTITEHAY 7 b= FOHIHIZ PDCSMC}EC%L%L el
WOHIH ST A =B 5B TF AV v ReHWThRaE{L Lc EC, & Of TR
L5 2 & T EEC OFIWEE EHA Y 7 b=y FofilErEsE v
THRFEZTT 9,
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5.2 SEERIEEOME

X 5-1 ICEBHAY 7 b=y bE b T A vy a VI FHF 7R EZ IR
T, K51 a)l I EETHD, FTUAI vy a INFOENX 28T
LDk, NI U AI v a s r—RAZRERITTNWS, K51 bITRT7 Ay
Ya YINEIOBIER VEWAT 7 =y FOWHE#EE TH 5, X TrrEIIR
L7y s L ClEAIC L VBB S b,

4 5-3 [ZHEMA 7 b=y N OBRENHIELERE 2R, S RIOHIEFER T
2 hur—7(Z KEYENCE # KV-5500 Zff L. #il#EE I 10msec & L7z,
Fleay ha—Z 3 B NN IEOSEERA 1 O K7 A 3% PWM BE#E) L |
ADGHREMA 2D RTA 3% PWM EEIT5, 7 MR tr—2r &2 %05
fi#REIX 0.23 mm/Count, Hlf#H 771X 7 mV/Count TH 5, D B EEALE 13£10
mm OFEXT A NELRO mm D=a— T ANEDINMNETHD, V7
A SEBR D FEAR B AR R H — o &K 5-3 1R T, BRAIE= 22— b T VALED
DRATZIC 12mm EENRIRETH 203, X7 A4 5% TALE XA 10mm ONLE T
5,
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Electromagnet Shift Unit

a)Appearance of AMT Transmission

Linear motor as select actuator

Electromagnets for shift actuator

b) Structure of theGear Change Mechanism.

Figure 5-1. Electromagnet shift unit and shift control mechanism.
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a) Structure of the shift contorl system.
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b) Controller and Drivers
Figure 5-2. Shift Control System.

68



5.3 @A77 b= hOHlH
5.3.1 PID i

PIDC OHIEIH S w133 (5-1) TEEND 7, [¥5-4 12 PIDC Ol 7w v
X ERT, T2 TulIBEE D, X & x X AEME, FIEME. K, K,
KBl 7 A v, BT A v W TFA T D, HliHRT A—2 I3 K., K,
KsD3D5ThHU, HNTA—=F O bIZIZFZ 7 TF A Y v ez, BERR
(2133 5-1 lORT Lo AR %V, Z 7 F AV v RIZESL< 0K LER
SDIBIN - TR A AT o T2, 1 D A, B, CIIEEFIEHOHIE ST A — &5
RS Uy BIEAET, a8 e L, MRESITIINT A —F 22 {b ST
N2 ARERZVRKNCEIIIBN 2T T TH LN, NTA—F[FE LD
RHEEASREREROIX S ST LY EBRITIIELNEN D, o THESIC
ENTEITERROEHERRAZ R L TEBY, Rk N - ZEELL T O
KRNI FENEDNHIFE T E 220, 5o TR T A — X B A8 S B 725 D B %)
RPAESNOBERDEUT Lo e, BRERIZK D537 A —F b DR
SUTE LT LW 5 Z LN TE 5, il OFHMmICIZ (5-3) (2T 7#HiE D
Rz, 2 2 CRMmEFE X BN (L LT 5 0.15~1 sec D& E LT 5
M, ZAUIWERRIC BAEIZBHE T & 2oV R EEPH 2 S EEPH 2 5 00 D & R
OIEEMPME T 5720 Ths 710, SENIFFERIERICELY, =a— KT~
OFETIZEENRZEL L TH 5K 0.15 sec £ TIEHEMEICRETE RN &
R L. BAEDZ b E 0~0.15 sec Z R RN LTz, X 5-3 18R T T
A RN — Tl Ssec DREIZ BEEDS 4 01T 5 728 4 H OFME N 53 S
%o HITHED K LFRZDOFHIE~ DL ZE ST 510, BiatT A h/3F —
Y% 10 BRI L, # 40 (HOFHIE % £53((5-2)). EN 6 DOAFHE RA&E72
FHEME D & L7z, o T DINSWIFEERHIERERN BN &l b, X 7T
Ay RIS < Lo EA TR TIEHIEIA 1 & ORI ok #EZ2 5 2 @ Stagel D
FRIZEIV R~ 72, F£72 SN bk OFFRICIZ(GS-ITRTE/NRFED SN b4 H
WERBEMZES T, DBNEL DL g IZRELRLD Ty NREL A
%7 AN HIER 7% Bk E L, BEEREREITI), 20X ) fEaiv K
LT A—=Z B ST ATOERDREN R T A —F LS TWARUVT
DHERZNFLLTIC /25 £ CTHEHARFREMRED KL NT A —F b Lz, ik
T % SMC } O EEC IZATWW T b [AARIZ IS 7 A — & —Z Feawfk LTz,

u=K,(X-x) + K; [ (X-x) dt - K, x (5-1)
D,=[ (X-xydi, (n=1~40) (5.2)
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D= D+D,+Dy+Dyt= = +Dy, (5-3)

n=—10log,(D) (5-4)

Ki. Kb, KO3 ODRFZ2EK 1D A, B, CHIUTEIDIEY, ~==2T /L T/T

A= F a2 —=2 7 UT-FE R 2 IHED Level 2 DfE L L7=, K; @ Level 1 OfE
2 7.0x10° KM TIET 4 T b ERVEL TEIK Z &N TE R0 Level 1 D
% 7.0x10° & L7=, Kb, K3 D Level 1 OfEIT Level 2 DIED 172 & LT, fEH
& LT 5-2 @D Stagel OFRICHIHIKAEZELE LTo, Lo HARR TILK 1% 4 EHEX
ETE DD EBEDORFITRET T, BRZEKOEE M MR D72 oDRE
Fl (e) & Lz, BRZESITIINT A —H B8 S TR T2 D AR B 2h 57
MENBRNIT TH L0, ERITITERDREOEEN BN D, ZIULEROR
FERM DK F DA EAEFIC L D b DT D72, FR7EFILLT OB G F o2 H)
IS HEME D 220N &I 5

1 BB OERZREROFER, K 5-50FH (Stage 1) TRITERDENHFE LI
7oo BRZh R OHMEEX SN L TH U | SN EEARE W EFIEFE RN RN &
EERT, D Stage TIFRAZEFN L D & K E B RBENG SN -HIH T X —
2 D FHHTD Stage D Eeiim /K HEA IR D Stage D Level 2 DIEIZEEE L, 2> 2/KHEED
2 0 g 2 TR D ERIT Level 1, 3 OIEZFRE LT, F iR Z225 O BRI L
D H/NSRERE LB Do T2 8% A —F (2% L CIEET & [ UK%EZ
MR Uz, DIRRIBROBRIEIC L BARHERZ# VIR L, 9 A H OERER T
K1 DR DRSO EEMELL T & 72 o o 72O ERFER AT Lz,

F 52 ZZDORFDO/NT A= AT, 9 B HOERERICBONTRD A
VN SN EEAME BT BILFIOME % feiiifil & L7z, EARFEBROE RS 5 v/ PID
HIEORE T A~ OMAEDHEIT K=8.1x10*, K,=5.5x10%, K5=7.0x10%> & 725
7o FTHE/NT A =X OMIHBEDLHICTT A XX —2% 10 BV IR LT
& X OFHEIE D=1.7x10° TH - 7=,
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Table 5-1.

Ly Orthogonal array.

Control parameter

Figure 5-4. Control block diagram of ECC.
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Ttest No. A B C E
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
Rear Gear In
__+10 ~
=
g Neutral
£ 0 -
=
é
=10
\Front Gear In
4 (sec)
0 Time (sec) 4
Figure 5-3. Test pattern of shift control target.
X +
—> Shift




Table 5-2. Level settings of PID.

Stage Factors Level 1 Level 2 Level 3
K 70000 80000 90000
Stage 1 K; 2000 4000 6000
K; 500 1000 1500
K 82500 90000 97500
Stage 2 K> 500 2000 3500
K; 200 500 800
K 77500 82500 87500
Stage 3 K; 500 2000 3500
K; 500 800 1100
K 77500 82500 87500
Stage 4 K> 250 500 750
K; 500 800 1100
K 77500 82500 87500
Stage 5 K; 0 250 500
K; 650 800 950
K 80000 82500 85000
Stage 6 K> 0 250 500
K; 650 800 950
K 81000 82500 84000
Stage 7 K; 0 250 500
K; 650 800 950
K 81500 82500 83500
Stage 8 K> 350 500 650
K; 550 650 750
K 81000 81500 82000
Stage 9 | K, 550 650 750
K; 700 750 800
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Figure 5-5. Effect graph of PID.
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hﬁﬁbto £ 1000 LLFTIET 47 bRV TEH< ZnTEiel
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Figure 5-6.  Output change rule of SMC on phase plane.
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Figure 5-7. Control block diagram of SMC.
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Table 5-3. Level settings of SMC.
Stage Factors Level 1 Level 2 Level 3
S1 60 120 180
Stage 1 K 1000 1500 2000
o 2 4 6
S1 90 120 150
Stage 2 K 1700 2000 2300
o 2 4 6
S1 70 90 110
Stage 3 K 1500 1700 1900
o 3 4 5
S1 100 110 120
Stage 4 K 1800 1900 2000
o 2 3 4
S1 90 100 110
Stage 5 K 1700 1800 1900
o 3 4 5
S1 90 100 110
Stage 6 K 1700 1800 1900
o 2.5 3 3.5
S1 85 90 95
Stage 7 K 1650 1700 1750
o 3.25 3.5 3.75
S1 90 95 100
Stage 8 K 1725 1750 1775
o 3 3.25 3.5
S1 90 95 100
Stage 9 K 1725 1750 1775
o 3.125 3.25 3.375

76




Signal to noise ratio 7 [dB]

6.5

5.5

4.5

3.5

;7 L rid

ttr e vttt

Figure 5-8. Effect graph of SMC.

77

Stage

Stage 2

Stage 3

Stage 4

Stage 5

Stage 6

Stage 7

Stage 8

Stage 9



53.3 T RV XA 4

T NT 7 F a2z —Z OHIETIIIR 2 WIANLE DO BIEALE ICBE S
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Figure 5-9.  Possible braking work.
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Figure 5-10. Output change rule of EEC for ideal control system.

+
§ Target
0
o

Start position BV/
i Storke
(a) Ideal breaking
+

_/— x Target “

T
Start position

Stroke
(b) Practical breaking work

Force
(e}

Figure 5-11. Comparison of ideal breaking work andpractical breaking work.

81



_Fmax +F, max

&
r

+Fmax _Fmax

T": Kinetic energy

W, : Possible braking work
Figure 5-12. Phase plane of EEC in consideration of response delay.

|
1
Vo _____
s :
' r
O -

|Wy|+T
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Figure 5-14. Control block diagram of EEC.
Table 5-4. Level settings of EEC.
Stage Factors Level 1 Level 2 Level 3
Ky 0.02 0.04 0.06
Stage 1 E, 0.2 0.4 0.6
r 0.6 0.7 0.8
Ky 0.01 0.02 0.03
Stage 2 E, 0.3 0.4 0.5
r 0.75 0.8 0.85
Ky 0.005 0.01 0.015
Stage 3 E, 0.45 0.5 0.55
r 0.725 0.75 0.775
Ky 0.0075 0.01 0.0125
Stage 4 E, 0.45 0.5 0.55
r 0.73 0.75 0.77
Ky 0.00625 0.0075 0.00875
Stage 5 E, 0.525 0.55 0.575
r 0.73 0.75 0.77
Ky 0.00815 0.00875 0.00935
Stage 6 E, 0.535 0.55 0.565
r 0.75 0.77 0.79
Ky 0.0081 0.00815 0.0082
Stage 7 E, 0.525 0.535 0.545
r 0.73 0.75 0.74
Ky 0.00825 0.00815 0.00835
Stage 8 E, 0.54 0.545 0.55
r 0.72 0.73 0.74
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ZDOF ==Y a2a— FEIZPID TIE Ry 777 v FIZADIATLEE TEL,
SMC CTh7 v h—U o 7%2@BVKT. K777 yFOERME TELRE,
PLEDRERZREWNHIWT T 5 L EA T 7 b= M OHl#NCIL BEEC 23
HiE LTV D LT E B,

Table 5-5. Evaluation value D of each control rule with the optimal parameters.

(Smaller is better)
Control rule PID control SMC EEC
Evaluation Value D 6.426x107 5.35x107 1.83x107

Table 5-6. Over shoot length and convergence time.

Area PID SMC EEC
Area A | Over shoot[mm] Contactto | Contact to 0.12
the Stopper | theStopper

Convergence 0.55 0.12
time[sec]

Area B Over shoot[mm] 0.428 0.831 0.455
Convergence 0.18 0.17 0.22
time[sec]
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b) Driver output by the SMC
@ — Solenoid 1
& — Solenoid 2
8
<

Time (sec)

b) Driver output by the SMC
Figure 5-16.  Result of shift control tests.
EEC has the least over shooting, in area A.

Almost equivalent control result was obtained by each control rules, in area B.
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Through hole

Moving Yoke Cover

A hole is drilled through the moving yoke to reduce the air dumping

Figure 5-17.
force.
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Blocker Ring

E)
£
£
E
i Stopper | | Contact with : Pass Through the %
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Figure 5-18. Result of the shift control test under the condition of reducing

the mechanical dumping force.
Each control rules could not stop before contact with the stoppers. However,

EEC got the best result when the target position was neutral.
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Figure 6-1. Phase plane of SMC
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