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Development of Hybrid Rocket Ground Support Equipment

Yoichi MATSUBARA

HBoEL "M 7 Vv Falry FOfTERBRICEN T, 27y b~ OREHHEEDERE LR ETD
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NTEI,

Summary In the launch test of a hybrid rocket, a system to control the fuel supply piping and ignition of the rocket
is required.In the SUWA rocket project, a ground support system was developed to provide wireless communication
between the operation headquarters on the seawall and the launch site on Lake Suwa.We conducted several launch
tests and were able to conduct the expected launches in all cases, which was useful for the development of the rocket.

Key Words : Hybrid rocket, SUWA Rocket Project(SRP), Ground Support Equipment(GSE)
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Table 1 Valve and igniter status in launch sequence

N20
State in launch sequence Cylinder|Fill  |Dump |Purge|02
valve |valve |valve |valve |valve |Igniter
|Ignition sequence start Close | Close | Close | Close | Close | OFF
N20 opening Open ! | ! 1 1
Start filling N20 1 Open| | 1 1 1
Confirmation that N20 is filled 1 1 1 1 1
|Begin 10—-second countdown to ignition 1 ! | | 1 1
0.5 seconds before ignition l Close| | ! | 1
Ignition 1 1 ! ! Open ON
The launch stem is disconnected and | ! | 1 ! |
the rocket is launched for main
End of ignition sequence 1 1 ! |l |Close| OFF
Closing sequence start | l ! ! 1 1
N20 closing Close 1 ! 1 | |
Starts releasing gas in piping 1 Open | Open 1 1 1
Finished releasing gas in piping ! Close | Close ! 1 1
Nitrogen purge started 1 l | Open 1 1
Nitrogen purge finished 1 1 ! Close 1 1
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Fig. 2 GSE control system configuration diagram
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(Top: Headquarter, Bottom: Lunch site)
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Table 2 Wireless modem communication performance
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Fig. 6 GSE installed on a barge
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Cutter Location Data Generation for All Types of Barrel Tool
in Five-Axis Machining

Ken OKAMOTO" ™, Koichi MORISHIGE™
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Summary In the machining of complex-shaped parts such as aircraft parts, there is a strong demand for high-
precision machined surfaces with high productivity. Recently, barrel tools with extremely large radius of curvature
of cutting edges have been used. Barrel tools enable smooth surface finishing and high productivity even with a large
pick feed. Currently, there are various shapes of barrel tools such as barrel-shape, taper-shape, oval-shape, and lens-
shape. For all of these complex tool shape, it is desirable to be able to calculate the cutter location data from the
cutting point with a single generalized formula. In this study, we propose the data format for all types of barrel tool,
and introduce a tool path generation method based on the proposed data format.

Key Words : CAM, Five-Axis Machining, Cutter Location, Barrel Tools, Toolpath Generation

INTHICH AT LIREN B EEIED D, AV AT

BHIGRE M T 24548, THOTFEHEEET 7D

FLZEBER IR D X O RBMETARER S O Tl kS INEDR—N T RINEERT D 0ERH D, Lh

JE 22 N T & O VEREMEDSIR < skod BB, B D L, DATEIREMLANEIICE Y7 74— Fi
TAERIRIE, RO TREENTH 2 LR TE 544 RS TORBERDY, MITHROEIISRRD,
B - ZHBELOTT I~ HELEZRT TN D Y, FETI, SRR LFMTABELT, A—n
Ry R %W HBMiEE T 554, TR IV L RRRDRHRIRTERD S LV T AR,

L7z, ZONVATEE, G HOMEERNBIER I

1. [ELC&®IZ

ZH 20244 10H 3 H KREEHEN TS, Figure 1 IR T X 51z, £
BRI 20247F 1171 14 H PEREVREZ2E Y 7 74— FIBEZRELTH, BD
*RBFIRFE LRMEHIR AR M 2 7 A7), Nt BSOS, BUE, NIV T R,
P S _ o Fig. 2 & 9| Barrel #<> Oval %!, Taper %, Lens %!
Department of Mechanical Systems Engineering, . e e b e _ .
Nagano Prefecture Nanshin Institute of Technology, L, BRA BRIBIRPIREINTND, ZRHAL VL
8304-190 Minamiminowa, Nagano, 399-4511 Japan Hi%, Fig. 10)D L 5 I TEAER S TR+ 57~
I ET PN 2o 2 A [ Mt B g,” R TG
HEINRE S A 7 A2, i , 5 MM COBHANLETH D, FATHIETI,
Department of Mechanical and Intelligent Systems NUNVTEEZHAWNWCHRATHINEEELLT &7 5]
Engineering, w P S ; gzl - R 3
Graduate School of Informatics and Engineering, HIR & 2 J7ik%0, TRESEMRIICAL S E7a
The University of Electro-Communications BFHORNWT ERBEERTAFEZRELCEX2,

1-5-1 Chofugaoka, Chofu, Tokyo 182-8585, Japan



B 5D NV THITHIEG Uiz 5 il I T 72 b 0 T 2R KA

Barrel tool

Ball-end mill

(a) Ball end mill
Fig. 1 Comparison of pick feed widths.
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Fig. 2 Four types of barrel tools 34,
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Machining surface
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(b) r, is a contact edge
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(a) r, is a contact edge
Fig. 8 By comparing @ and y, it is possible to identify which

cutting edge r is in contact with the machining surface.
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Estimation of Complex Dielectric Function and Derivation of Dispersion Relation of
Electromagnetic Wave by Using Terahertz Time Domain Spectroscopy

Mitsuo W. TAKEDA* and Hideaki KITAHARA**

HoEL BRI ONERNCHE WE) P TIREREHAERL, SREREICEESORANEN
Do WIZZOMWEZFHALT, BESA2RSZ LICE 0 EMEORIEHEEZHIET 2 Z L8 EETHD, WEOE
el () (kT DINEBBOIEEFHER R A0) ThH D, () TWE DIR1-R05 178 E DR FIRAES & BH R B
LTW5b, —F, SRR ZIHRIICRT ORSBBAR TH D, EREOGE, /HEBR L 132 ORI o
LR bV Kk EDOBIOBR oK) TH D, ARTIZT 7~V Y BRISER S GEDRI L, ZhiAW-EHEE
RIS DB E B K OVEERGHE O Sy HBIMR OB S IEE T 5, mil: (20 1) ik, RIS BIE O R L EAR
DORMET o+ 7 2« BIRLYSER T O H B « TELT 7 ZADR Y 0 v — 7 ORTERE B E2 BN LF DR A2

B, BN (20 2) TIE, HEREEEFOLSEBER - 74 b=y ZJfMICBIT 0 R¥ vy v 7L (TEE— R - 5
HEERPOT 4 - RT Y N BBRORPERERICOWTRIT L, ZORMEIC OV TR 5.

Summary Electromagnetic waves interact with surrounding matters so that the propagating characteristics appear.
By choosing a medium we can controle the propagating characteristics. Dispersion relation express the characteristics.
In the elevtromagnetic wave dispersion relation is that between frequency w and wavevector k, that is o(k). Here we
review principle of teraheltz time domain sopercroscopy. Then we explain how to estimate the complex dielectric
function and to evaluate the dispersion relation. For instance we introduce exoerimental results regaiding the diellectric
function of a polar phonon mode in the ferroelectrics, of a carrier in metals and semiconducters and Boson peaks in
the amorphous materials. Regarding dispersionrelation we discuss cutoff frequency in a rectangular wave guide,
bandgap in a photonic crystal, the phonon polariton in the ferroelectrics.

Key Words : Electromagnetic wave, Propagating characteristics, THz-TDS, Dielectric function, Dispersion relation,
ferroelectrics, Lorentzian, Drude type, amorphous, Boson peak, photonic crystal, photonic band, phonon polariton.
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Polarization between the Photocurrent flows Electric field is the

antenna gap becomes zero whilegap is time differential of
when gap is illuminated by illuminated by fs photocurrent.
fs pulse. pulse.

Fig. 1-4 Schematic drawing of generating process of electromagnetic
wave from photoconductive antenna. (&) polarization between co-planer

lines gap, (b) photocurrent flow, and (c) electric field.?
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Fig. 1-5 Time dependence of amplitude of electric field measured
by THz-TDS (wave form). Black curve shows waveform without

sample and red one shows that with sample.
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1 o] .
= Ef_m Eqam (t) exp(—iwt) dt  (1-2b)
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Fig. 1-6 Electric field amplitude (black solid circles) and phase
(red open ones) spectra (a) without and (b) with sample calculated

by Fourie transformation.
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Fig. 1-7 Transmission T(w) and phase shift ¢w) spectra
calculated in terms of eq. (1-3) and eq. (1-4).
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Fig. 1-8 Transmission properties of electromagnetic wave in
parallel-pipe specimen. Effect of multiple reflection in specimen

should be considered.
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Fig. 1-9 Dielectric functions of LGO. Blue circles show dielectric

constant £'(w) and red ones show dielectric loss £”(w).
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dielectrics. Red curves show polariton branches and blue lines

show asymptotic lines, respectively.
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Fig. 1-11 (a) Transmission spectra of ferroelectrics BisTisOx
measured by THz-TDS. Black circles show transmission and red ones
show phase shift. (b) Phonon polariton dispersion relation curves.
Black circles show phase shifts. Black curves show phonon polariton
dispersion curves and blue line show asymptotic one of the first
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Fig. 1-12 Schematic drawing of Lorentz type dielectric functions.
Blue curve shows dielectric constant &'(w) and red broken one

shows dielectric loss £”(w), respectively.
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Fig. 1-13 (a) Dielectric constant &'(w) and dielectric loss &”(w)
estimated by transmission intensity and phase shift of Li2Ge7O1s
(Fig. 1-7). (b) Lorentz type dielectric functions corresponding to
those in Fig. 1-13(a).
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Fig. 1-14 Schematic drawing of Drude type dielectric functions.
Blue curve shows dielectric constant &'(w) and red one shows

dielectric loss &”(w), respectively.
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Fig. 1-16 Dielectric functions estimated by transmission

intensity and phase shift of Fig. 1-15 with Drude type functions.
Black legends show dielectric constant £'(w) and red ones show
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Fig. 1-17 Transmission T(w) and phase shift ¢(w) spectra of Si
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Black circles show T(w) and red ones show phase shift ¢(«).
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Fig. 1-20 Dielectric loss £”(w) of PMMA. Red curve shows that

estimated from Raman scattering intensity 1(w) and black circles
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Fig. 1-21 Transmission T(w) and phase shift ¢(w) spectra of
polymer Arton measured by THz-TDS. Black circles show T(w)

and red ones show phase shift ¢(w)2.
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g : EHONMEE (mfs?), Q : KILFRE(MYs), Ar: K
JERIENLE D ) XV ETEAE (M) TH D,

(2) BIFEHF

- REFEHES 0.6 $kJT /15 GAL6

5. 2 KEREDRE

(1) BIEAHE

KL B DI E 7T AF v 7 B RA S (228

i 046 ke) (ZERELL, FRCHIE L7oEREUKDEE &
HREfI 2 6 FUC K0 KR Q ZFHA L7z (M 6(d),
@) .

Q=wpt ©)
ZZT, Q:KHFEE (m¥s), w: BREUKDOEE (kg),
t: BREURERE(S), p @ KO (kg/m¥)ThH S,

(2) BIEHF
¥~ b 7T UFAKLEMBENINY USD-1VD
+ A w77+ > F Dretec SW-111

AT IAVF

(b) ENFDHREKER, () EHFIZRTSN

(d) KEHFKDERE (RHRDBIE Z1T > =FIFETHHEF DKBICE 1T 5 HEEREK
() FEIMABITERMSNIKERFKOEEAE (RERDBIE E1T o -ERNREREF
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KEMNTRT B S EEIIEAKEIZ L D~ A 7 nKIIFEEER

5. 3 RBEHIDAE 5. 4 LED FFIBAT D mATSRER
(1) AEHE (1 REFZE
FEHNFEOREIERE 2 X 7I1R~d, FEEE» O FEFEMD O H T ST ZFAT AL O SRR, 2

) ENT A BN 2 7 A A — NS CIE B B> EF e L7 340 LED Bh3R4T (R 61#) %
(AL, AGHERTICEE Lo, ARSI, B L, SUATIRILZ B AL CRERR L7z,
DIRPUE & A v MRS ZESIEER L2 b 02 W, (2) REREH

P 50Q 5 9kQ F TAILEH, ATFHEHLOZE LED BH304T  H& LEDK-78928NP-LS1 6.6 W

RIZPE D BB DL A RIE Uiz, BEIRZOEE MEFoEFIHERE, 56 H)

Yﬁ@%E, "?-E{fﬁ ?ﬁ’f/\z\_)‘ i&*’(“‘(ﬁﬂm( (RMS 6 EEEE

EB—R) L, EERATO ARG B ) OAREER R O

BIE - AT AL~ LT A—F— 2 L O HIEL 6. 1 AME=E

7 RTRCTVEIC K BB NERHC IS D/ AV AR D

(2) EERBEHM - BIEHER FKIE pr ORIEFER KLY ZVRCIES GO IRAEN & D

- BOHEE AW A B S15VT60 (R R%h=R 0.944) DESEIIUTOLERY ThoT,

- ARTRET EEPE LA TR0 IRHER RE-TL - AKHERE AALE ORFKE  pr=0.013 MPa = 13000 Pa

(0.75, 1.5, 3kQ) « ) ANVHUDRROFEHEN BN S OF S 27=0.094 m

Ay MEPIS (1KQ,10W) 7 {HE5 < JEDRHOFEENLE NS O S 2,=0921m

BRI ¢ O H ST — X —H — T210 - KHFiE (6.2  Q=0.681 /s =0.000681 m¥s

- SERET Y # L~ L F A —% — CD800a-P o KJERE 0L E O 2 X VB FE Av= 0.000957 m?

B k5T LER
yﬁ'?—)‘—'?—ﬁﬁ) j

INT— A= —D
FARATL—FT
EE 9997V
E|t 73.95mA
=5 7.392W

7 FEEHADBRER S LED BHILLT D R ATRER
(a) ZEHAAEHBORERR, () BRHFLAFBERORERKR, © NT—A—2—0T 1 AT L—EERT
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F7z, KERE RN OB D E v, K
B Q FHIEANMED / RV ADD 2) R LD
HE LA RIL, w=0712m/s TH- 7=,

ZhBDfEE (1) RUSUA L, KO p % 1000 kg/?,
HADMHEE g 2 98 m2 & L CREEIT - 12fER, A%
PAEHIT219 m Lo,

6. 2 KER=E

ATRC 5. 2 OJFIET 6 BIOWPE ATV, KOBEE p %
1000 kg/m3 & LT, EEUKOEE &S 3) K
2RV KHiE R Q ZFHR L7z,

6 [BIOMEDEEE, PREURFA 6.86 s, BREUKD
TS 467 kg, JKELHE @73 0681 /s = 0.000681 m¥s T
HoT,

6. 3 HXEHA

AT A 2 b S & TR O BT E ) 2 JE
L7zl Rz X 8~I[X] 10 1Z/R T, 7233, PIERICFE RS
NT-RPUEIXEREL & EREROBIEM SR L
7ol (ARHPIEEM) EOBREVWBKRE -T2
LUF Gl A RHEHTR R E 2 A mihTE & L TRV,

[ 8(a)lZ g & O IS EFFEE )X ARSI
1344Q DIFIZIR K E 72V, 7%WT@okoﬁﬁﬁ#
TEA R RFE B IR OIBUE L » KEWHEI2IE, K
PUBEOEIMZ & b 72> THE Mﬁmﬁ%#;ﬁébto
4 8(b), T RT L H I, HAEEITAMERUEA
RELRDICLER > TELARY, BRFEL IR
1299.6V Thotz, £72, HAEMITAMKIUEIK

ELRDITLIZDB> T L, B RFEEH R
00741 A T~ 7z,
FEHABARIHZB T 5T = A —=F = J T T H

NNTF A= —DWEEZR VIR, =M
TR A 0,944 (2017 4EDFETERBRIFIC
HE) & L CHERBEELINGERE L,
X9 _ﬂ?j—i9 T, B OEERITETL OB
2L b 7o TURTEMRANTAD Leds, FEH 2
K1 NT—A=F—RUTTIILFA—=E—D

BIEE (REHHRKE)
1 AEEMN SHEE (IE/JIL'?!?.E/ EitEin)

2 HEENSHE (B E5,0.944)
HEHEH HEE

ARHEPERME Q) * 1344
ERELE (V) 99.6
B (A) 0.0741

ELRER T (W) 7.38

—FERUEIEEH ST (W) *2 7.82
ARy JEE (Hz) 924
MR AREELE GRE) (V) 74.4

5%, RE=5
@) BEEN G EErERETHENOMR
9 T T T T
. ,_J_‘_L‘l 13440 ——EhRT wmn =
7
- B 5,
: . N
Z.
Y 3 / \\
l |
z
1
0
O 1000 2000 2000 4000 5000 6000 7000 8000 9000 10000
B Q)
(b) AR EE CERTEOME
180
o [ - EREW L
140 =
120 /
=
EE‘;; 100
i k' ]
& f | 13440
60 f
40 f
20 r
0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
AR Q)
© & EHEHGHE ) FEAE RO B
014
1 ——ERETA)
012 \
010
%o% \\kr_113MQ I
Iﬁlﬂl 0.06
SL\
004 ~—_]
\\f
002 —— —
0.00
0 1000 2000 3000 4000 5000 6000 7000 8000 S000
BEHEH(Q)
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KEWiz

EREELERREL HORAR
9
G ——ERREELH W
7 P o
£ s \
R s \
® | / N
g
‘7 N
1
. N
Q 20 40 [50] 80 100 120 140 160 180
BEREEN)
10 ERFEEXZLERFELHORAE

KRE7p% 100V AHEOEE (K10BH) 2L e L
TEDOHIHRIZBW T L RiZiodhftiz 7z > T s,
6. 4 LED BHILAT mATRER
SRR HRAE T 1 DR
#io> LED BHALAT Gt 6 f#) 73,
DT
IO L EO=MRRIOMBELITE L IRLIEL I
744V Th-o7-DC, LED BT 1 {H%72 0 OFHINEE
X 37V T, EREL L KIEIEWMETH T,
6. 5 IERKAH - KERBHREREIEZDFHE
(a) HERKA

2 {9 OIEF L LT 3
AR T.8W

B OKEAS) PodkRickvEbansd 9,

Pn = pgHQ /1000 4)
Z 2T, Pn: ElERAKT (W), H: A0 (m), Q:
KEFE R (M¥s), p : KOBEE (kg/md), g : BEHONE
E(MADTH 5, 6.1, 6.2 TRDOIZALTEZE2.19 m,
K HLiE B 0.000681m3s % (4)=UT/RA L, KDOEE p %
1000 kg/m?®, EEJDHNERE g & 9.8 m/s? & L CHtE &7
ST-AER, HER/KT] Paid 0.01461 kW (1461 W) & 72—
7=
(b) KEXBHOKREE
KEFEEREOKRERIR (G niE, KIHE
EE~ODANSITH LA Pr &, HThLHE
HI P HRUZ L VEIH S D 92,
n=PolPs (5)
n=mng, m=PIPy, ng=PolP (6)
ZIT, Po: FEEHA (KW), Py BRI (KW), P :
KHEH T (KW), 5 @ KEREEHERAZE, no: KEZ)
R, g HEHEDETHD, Eil(@ICX k-
FRi7K 77 0.01461 KW } TR 6. 3 TR O 7= A8 R E L 77
0.00782 kW % (5) U L CHHE AT o 7oAk,
BB AN 713 535% & 72 o7,

7K

MR RUT 90 2 L 2 AR THEE L7 (K 11(0)
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BT DLEBRVAKIIIL D~ A 7 mkK 3 EFER

FBHANIZ &L S LED BFIRAT D mATEER
(a) FERATRFD LED BFILAT (BRZ LEDK EHHEEN

B 11

6.6W) , (b) ¥EBHAIZEKS LED BHILATD RATIRR

(c) /KEDEEREE

AR IE D RN ABIC & 2 H a2, HE O

JE g & Eﬁﬁiﬁfﬁ&(ﬁ%ﬁﬂ&@ﬁé& & DRENZIFRAD
Bt B 5 1,
n=120f/p ©)

ZC, no: [AESEE (rpm), o ASHEREHZ), p -
%%aaif%%@*ﬁi%( Th b, RFIBFRTHM L7z 100W HRKH
DI EROENL 2 THLHDT, (1)

n = 3.75f

f=0.2667n
E7b, TRL(d) OFEEEOFHETIX, TYX AL
FA—Z =L PE LTz ZHEG O A E D 5 (8)
U KV RO T [EHRIREE 2 L7z,
(d) KEDOFMREIRREEL - £ FHARBRL

KB ORI b A 1, K E O PR S o JE
Eu L s ANEHRKOEE v o s LTRAUT L Y&

®)

bahs W,
=ulv 9)
u =zD( n /60) (10)

ZIZC, A4 PMRJeEsEERE, u o IR O B
(mfs), v : 7 AR OREE(m/s), D : PIHREERE
(m), n: [EEEE (rpm) TH D, / ZAMEHKOHE v
1%, FUTKHERE Q : 0.000681m3s & / X/LdH A
WririfE A : 0.0008x0.0014 m?=0.00112 m? & {{ A L Caf
" L7,

v=Q/A (11)

£z, J AUVEHAKOPFLRICET M (Y FH)

DOALEIZ BT 5 PR O FHE upe ¥ 20 & ) R HIK



EHAHE, AENE T & RE=5
DHEEVvOLZEY vy FMEEL 1, & L, kALY BEOBMRZK 12 17T, KEDRMLHEDS 24rpm LA
PR LT, TOLGAIIIHITEED 0 V Tholed, [BlEE N
ch: Upc N = UDpcj Dv = 4 Dpcj D (12) 24rpm LU EOBAIZIR BRI EF L TSR 1

TITC, Ap: By FHEM, 2 PR SR,
U : B FHJEEEEE (m/s), u : JIAR I o &3 EE (mis),
v AR DBREE(mSS), Dy : B FHERE (M),
D: PRHEERE MTHD, ¥, v FMERE Dy
TR K VEE L,
Dpc = {(D/2) x cosn/ CIIRAcEL x 2))
— (PR OJE S + Mg A8 N 4y)
+ KRBT ) KB 2)3% 2 (13)
A a0 SR T HV 2 100W K RO T OV T, P
IREER D : 0.17m, PR HEOPIURKEL : 16, PHURD
JEX :0.001m, / RAMEH G PIRICEZE 35 F TD
I 5 7 AU T O B8Ny - 0.001 mm, 7K
HOBIFED J XD A% : 0.008mm Z A L TEE
L7cfER, Dpe=0.1547m, Dy/D=0.9102 & 7257,
EFEO @) ~ (13)K & AV CKE O EEEE, &
AR LToRR %, ORI E M )R O A A TRy
WIZHOWTEK2ITRT, F72, (MAUTX Y ZHRRHEE
B OJEWE I S FR U7z /K B O RIdREE & i E
£2 EEGEE - FEl - Ev FARRLEOHERE
(REHAZKE)

HH HEAE
J R )NE K O E v (m/s) 6.08
FKH D [EH5HEE n (rpm) 347
PRSI D JE L u (m/s) 3.08
PR i EH L A 0.507
vy T JE Jpc 0.462
(EE IR
FKH O [EH5HEE n (rpm) 590
PR SEhR O JEHEEE u (mis) 5.25
IR e JEE b A 0.864
v F M EEE Ape 0.786
EERE-ERTE THAREOHFE

200
180
160

v =03099%— 75647 1
- - I
METEDESOERT
IFTHEEH) v=03006x [

40—

# 120

i v = 02667«

i 100 ﬁ )

$ &

H 5

o A o BREEM) |
20 H’/ O ZREESH) |
o} T T T

O 100 200 300 400 500 60D 700
[O1&% 3 B rpm)

12 KEQEEGZERELEREEET - XRFRBOBERK
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JEAEIINT 5 Z & AR S vz,
KEOEHARE & FEE )« KHEH ) D BfR % [X
@AY, KHEHT) PiX, BEEDE g & 5%
(R TS H M A ERE S LRSI L{E'J””
ERAE LI T — X —InbAMTE L E) & LTe=Rick
FHE L7, AKEOBREHEE X, AR 590
rom (3% 2 &) 12k L, FEHIIECKFFIZIE 347rpm

TH ) BATHEPIRFIZ X 5 =R 059 Th o 7o,
@) Bzt T - Km0
12
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E
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KEWiz

EoFHEAELREKEREHRESHEZORHR

90
Apc=0.462 |
80
2w
ré
40 5 AR ™ \
@ L I\
# a0
ia % N
# 30
M x
¥ 20 o/ —e— KE B B INE (%)
o o REHMT(S) \
A )
O I I I I

00 01 02 03 04 05 06 07 08 09 10
EwvFHEE=EL

K14 EvFHERLEKERBHRBEDEDRE R

K HE O I AR S i JE o BE & SRR ) O BAFR 2 X 13(b)
WZoRd, PIURSCuRE R, AT 0.864 12
*FL, FEEMHEKIFFIZIL 0507 Th o7z,

KED Y F M JE M & B OBfR A K 13(c)
WRY, By FHEER, WARHEHIRO 0.786 12
XL, FEMIIERKFEIZIL0462 TH o7,

KEOE » F & b & KRB G 2R O BEMR
X 14177, KEREERRSZIHE n OREHEITE
> F R 2 e 25 0.462 DD 535% Td -7z, 4]
DEBRTHW L EE KR L [F CEEIKHEIZE
F B UL N U AKEOBAITOWNT, THE 2%, Hinn
WZIT ey FHEEL 05 D& SITHRRZIRITAR D0,
FEEOKEIZBNTIEREL OB A D T2 0.42~
0.48 DIFIZHRINRIZ /2 D LIRRTVDE A, AEDE
BRAERIL N E/FA LT,

IKHIE BRI AN R E D 53.5% & 72 - 72D
IKERN= g %, FEERR gy % 75% & LT (6)=UT
LVEETDE, T1L3%E 720, BUINVKIICE T 5K
FHR L LTI TEVMETH » 72,

1. B

-1 SEOBER

£ IITTRT LI, ARIOFKEFERIZED 100W #&
AKHLE, EFEEEO 100 W L0 & KIEI(R O FEE
TNZBNTH, ERAKELY HLEEIZEWIERTHRE

®3 RERRATHERRUREICISHAALE

B 5L EEZEHKEIC

//7 BIERER &%?w%éé\
AoEE 219 m 25m
KERE 0.681 I/s 101/s
BimKkA 1461 W 245 W
FEHN 782 W 142 W
ERHFEHA 732 W 135 W
KERBHLREME  535% 58 %

\\iimo%mﬂ 6 {E 4T //
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KD~ A 7 mKIIREER

TEDZEDHERTEIN, KIESKER & BT
DRI E DY Tk 3 2 Z &IC L D HE
71, KRERBHERENEOI LR LM ENATREE B %
bid, SEIOKZEMCEIT DHEEROLGEIZON

THUTO X ) BEEB IS 2 &Ik, £3IC
AT XD AR EHT), KEFERR S 2R Om LA

HREEZXLND,
a)mf£®m REARO @38 005 50 ITKkEL L,

KIEEEIZ BT 2K EAZ /NS < T D,

@ / ArofEAEO 8xl4mm 75 10x16mm 4k
KLU, KEFEEE 14317 (097 1s) (275,

(3) PMBEDER (4E 170 mm) ZEE L, KHD
RN R & 7 2 RIERHE 2 F BB OB A R R
LR D EMREE I TE BT EDIT 5,

-2 REBHAODOFAE

RIT, KRZIINC 100W Rk 23 L, RHIRICR
BEITV, BEBENICLY, KEBRTHWEZEZD
LED BT % 5T 95 & LIZBAICOWVWTE 2D &,
LED BIARAT 1 % &I B B RAT S 2 72 DIC 373
1HY7Z0 OFESEIL, 66 Wx12h=792Wh L7225,

—%, FEMLIE, KEFEROREEEOUEICL
O BEEE 25 m, KEWEE 10 Islc Lz T 5L,
AEIoFEEH D (2.5 x 1.0)/(2.19 x 0.681) = 1.68 fi,
B 7.82 W x 1.68 =13.1 W 272 %, FEEH OB
&b 2R o TKBFEERIBAEIEDN 58%IZHIINT 5 &K
ETDHE, BEHINL13.1W x58/535=142W L7725,
L7eRoT1HYEY OREEEIL, 142 W x 24 h
= 3408Wh L 72 %,

SR EN I A EE I KRB L ERT 555
0%, EEias CELTICAH L, FEEHEEE 2 L
TEEMIZEEL, TEMOOELNDEG 12V OFE
it & A8 100V | W@LTwED%mH ﬁ%ﬁé &
DB LI D, T O - il - 358 - GEimkE
:%ﬁé%ﬁﬁ%%m%&#é&,iﬁsmBWh@
ST BRSO 5 BT LED BHRAT IR S D
100V ZZi B R O % S B1E 340.8 Wh x 0.6 = 204.5 Wh &
705, EikL7=X 512 LED BHILAT 1 EOHEICHE

7RENEIT 792 Wh THDHDOT, EEHNICEK
6.6W @ LED BAALAT 2~3 (H A | XX ERE DI 5 & THikT

SHDHZENTED LHEMIEND,

I, RKEWIZB W CEETRET DL LESLAIC
%, EAKEIT i%47¢/fh®m®m%&ﬁﬁbf
KHENCHEKT D Z L2 D728, BARBIC Y ORE
TEOMNEEUKT A Z ENTEEMETT DI LN



VLD, D, EOMOKN ZAHMERE B - TS
DIRNFTE D IRALIZ D T2 DI LB 2R UK & D LR
KOFEEATREMIM 23 L, ZAUTEE2S0n Tk
B OFREEFE AR T 2 Z LB BEL b D,

8. TIY

Ltk WFE, MmO DFEA OW)I| - KEEEICE
WCREFRBR A E, 100W Fok BLAVE F aTFE/2 % &
HD O#FHO K B EAIR A SR OB 21TV, R
b« BRI AT TR 72T — & — % R - B fH L
TN ZERMELEZ TND,

FIAHBOMBEE LT, BANRRE CIIRE L2
i) 2 EBMICTEET D2 DOR Y ARG TR
&, Zfile~ A 7wk J)FEEN O ST EIELE E 0O B %S
WY, iz, BothEET &V S ETIE, 100W
AR« ZHMRIEAKEO S IO ES] - LK &
IMENRDH Y, BUE, TOHFREEBEFTHD,

K4 SHEOEE
(HeHiRO )
. REHNEIFYLAALBHEA~KET HEHORIES
HEEE OB
=3 =
e _

REHH =D {—> ggﬁﬁ
R 50, 60Hz
ZEHHEE | BEt

(HL®E FORE)

. RAI-BRILEL T B A—H—ELREA. B )
. BEBEOHEORE

- BHOMEILIMRE EEETOEALE

#

ARERT, —BUEIEAGIEMEIOR 27 7 (4
5 AR Bipiaic L FEfi S, FERARERCTHEH
L 72 100 Wik Hi7g & DL BB LR K OB I, &
11[E (R 19 4FH) Bhpk DOk, [ E X v kit L C
XKL TV WKL VT DTHY,
ZZICRME O ZivE TOMEERIT L LV G L E
FET, £/, KEMICBWTAEREZERT HI12H
720, EBROFFE 2\ 12 T AR B AR
AROBREAIEGH R L BT E4, KEORELZERT

L 7o R A 22 HBERT 383 ORKILK 61354 0
A, BEEARTCHELWEEXE LR, Z2IELH
LR L EFET,

s E X #®
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