The Japan Society Applied El ectronmagnetics and Mechanics

AAAEMS4EE Vol 10, No. 3 (2002)

Filim

HRAE— MR TIL UL RET XK BAESEHRRE
ISV T RS AT A S DRSS

Magnetic Driven Valve System and Valve Timing
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A new type driven valve system for combustion engines has been presented, in which a
cam is made of permanent magnet, and a roller rocker arm is made of cylindrical permanent
magnet. In this system, an attractive force between the cam and the rocker arm due to
the magnetic force suppresses jumps and bounces. This makes the friction in the driven
valve system decrease. Hence, the resisting torque is decreased by use of this system.
This implies that the energy loss decreases. In addition, since the bounce phenomenon
-is suppressed by the attractive force, noise due to the bounce is also suppressed in the
present system. The analysis for obtaining the critical speed has been presented, and to
validate the theoretical results, experimental test has been carried out. In order to have
high energy efficiency, an electric drive valve phase control system is presented. The valve
phase control is carried out for the proposed driven valve system by using our control
system.

Key Words: Gas heat pump engine, Valve system, Low énergy loss, Magnetic valve,
Valve timing control, Low friction, Permanent magnet, Planet gear, Ultrasonic motor,
Electric motor. ’
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Fig. 1 Geometry of the magnetic valve system.
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Fig. 2 Model of the magnetic valve system. (c) ¥ ¥ ¥ TDEAM:
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Fig. 4 Magnetic forces versus cam angle.
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X w?(12b46? + 6b36 + 2b)

l
+ ¢ ( 2) w(4bg6? + 3b30% + 2b28 + by) + ko
( Table 1  Dimensions of the present valve sys-

+ ) (bg8* + 0363 + b6 + b10 + bo) -
+ (h) (046 + a36® + a2 + 010 + ag) = 0 Outer diameter of cam | 24 mm
magnet
f1(0)" + f2()0 + £5(6) = O Thickness of  cam | 20 mm
L72A¥> T, magnet
Magnetization strength | 1.42 T
_ —fa(0) = Vf2(6)> — 4£1(0) £3(6) (5) of cam magnet
2A(6) Outer diameter of roller | 24 mm
72720, magnet
f1(0) = {m2 (%)2 P J2} (l2) Inner diameter of roller | 16 mm
2 l L magnet
X (12b462 + 6b36 + 2b3) Thickness of roller | 16 mm
. lo magnet,
fa6) = < (E) (4b403 o+ 3030° + 2020 + br) Magnetization strength | 1.42 T
f3(8) = kxo of roller magnet
+ k (?) (b46* + b36° + by62 + b16 + bo) Mass of valve 645 ¢
! Mass of roller (with | 71.0g
+ (E) (agb* + a30® + a20? + a16 + ag) roller magnet)
: Spring constant of WL | 2.9 N/mm
3 (5) DEMET w(0) MBEVIEL R BFHE 0 12861 Spring constant of WM | 4.9 N/mm
BIRFMETHS. K (5) Tw(f) ERHETL 0 =10, Spring constant of wH | 9.8 N/mm
2k, #NEK (5) (AL w(8;) 5, ARERE) Spring constant of WH | 14.7 N/mm
FROEERRF (¥ v v TRE) L%, Spring constant of wB | 19.6 N/mm
Size of rocker arm 44 mmx80 mm
2.8 SEER Mass of rocker arm 618 g
(a) FEEREE OIAGFE Moment of inertia of the | 0.46x10™* kg- m?
AERSERIZBT LA LOEERFA L /)NVTDY) T b rocker arm
BOBR% Fig.3 R8T, HIIBWT, Frldha) Length of center shaft | 74 mm
7 VEOEMEY, EHIIASEOERWCERT S Diameter of center shaft | 5 mm
R T, T, 90° & 270° FHETEENE Length of side shaft 48 mm
WD VEENTWADS, AsROBEEGET T, 180° Diameter of side shaft | 5 mm

THETY ¥ Y IARETHELT, #120° 55 220
° OHTEEZT) ORI R,
(b) EEk

A0y avE—F—%—E0EnTEEIL, v
TV TN LTNNT VAT LEERET A, £DL
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Table 2
theoretical analysis.

Dimensions of the system used in the

m [kg] 0.0645

my [kg] 0.071

Iy [m] 0.035

lo [m] 0.035

J [kg: m?] 0.45703x10~4
zo [m] 0.0, 0.3

¢ [N-s/m] | 0.01
ag 2.42661743x10!
al 8.13446659x 1071
as 4.3115823
as -1.44705315
as 1.17976045x 107!
bo 9.11607952x 1072
by -1.43757523x 107!
by 7.95015393x 1072
bs -1.80287306 x 102
by 1.43540848 %1073
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IThEREEZ TENFNIET .
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Vo WP 35720, BiAzu—7 & LTHYTY
A0, U—I%FnbE, FOMEHNIKELZ-T
BY, BEEOY v T LSS BT LR
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ZOH5) THWA L ZITBOTERTH Y, (Thid,
F—a—5h0y h—T—Lhbinize Xizh &Iz
RIREFHEL L TOITRERD D DTRW. ZOHE
BTREMIZHWAL Y Y L LTI, HAL—ME
¥y 7TV (GHP) »"% 5. #@%D GHP =
DEEEEIT 2,000rpm LT CEEMICERE S &5 b D
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Table 3 Dimensions of planetary gears.
Sun Planet | Internal | Pulley
gear A | gear B | gear C
Zy Zy Z.
Gear type | regular | regular | regular XL
type
Module 1 1 1
Pressure 20 20 20
angle [° |
Number 16 24 64 48
of teeth ‘
Pitch :
circle 16 24 64 77.62
diameter
[mm]

SRR, AL w7 eRHETBE, BRI
1/50 &7 5.

AR RIS 5123, A L0OEEEATREL

ZITULE Sk, FOXRH—L LT,  KARA
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bbb, [EEEKAEAT v T RUHT, 0L
W NS 72 34 VR FIERfRCRERE L CRUE S 4. Bl
A AT v TOEBRL, T4 IVIZHERENN
BET A, AT ALY ¥ 7 FOFRERKDOMMEIZ
BUHITBIE, a4 VOFREEITRE L o728
ENFHERAKE RS, COESFEYIE 2 —FI|ZHL
DA, FEEARADAAEDEREAARIZENES 5 & 9 12
HEELZE—FICHL, (AEREZITS.
WHERFOMAL 4 RG>V Tid 120° 1235E
END. BRENLIRBERFOMNAZEL T Y O
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YV UDEFHERRE 7 o FoEEIETIdRE < (120°)
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BY5E, 777 EREA LOMABZEI SIS T
%, PEHAT60°, EHERETHEELA. UTIDX
) L EEZ D, Fig.8 134 )V 7RARIHEERE O
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Fig. 8 Comparison between response of phase

control by the DC motor and the ultrasonic mo-
tor (Cam rotation speed=20Hz).
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Fig. 9 Results of phase control by using our
control system.
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