~ A4 7 v XA hu =7 X
(A AEFE22435) Vol. 68, No. 230

=
et
£
<

FrEt A AO-F A ILBIF OB MAEZEZM LI
RESR R “AO-TEM” DS

IRIE $iw], Wl
T R UWERHE RS AL, BN PG SRR T AT 6-1-12, T 188-8511
(202349 H 19 H&A), 202444 H 4 HEFF, 2024 44 H 12 HEEY)

Development of Eco-friendly "AO-Industrial Oil"
Using AO-Oil Stabilizing Additives

Yuji AKAO, Jun INUI
Citizen Watch Co., Ltd., 6-1-12, Tanashi-cho, Nishi-Tokyo-shi, Tokyo 188-8511, Japan
(Received September 19, 2023, Revised April 4, 2024, Accepted April 12, 2024)

ABSTRACT

This industrial oil is based on "AO-o0il," the stabilization technology of watch lubricating oil. The plant-derived
hydrocarbon is applied to this industrial oil instead of the synthetic hydrocarbon PAO. The plant-derived substance is
also adopted to the functional additives which are necessary to industrial oil. Cyclic regeneration is enabled by
combining the adsorption and distillation process. 95% of this “AO-industrial oil” is composed of the base oil. At least
3.1 kg of CO; is absorbed to produce 1 kg of plant-derived hydrocarbon base oil. On the other hand, about 2.7 kg of
CO; is generated for the synthesis, storage and transportation of the oil. As a result, -0.35kg of CO, can be accumulated
since the amount of CO; absorbed to produce 1kg of base oil exceeds it generated in the production sequences. Therefore,

a greater environmental effect can be expected by cyclic regeneration of this plant-derived AO-industrial oil.
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Atmospheric distillation Vacuum distillation/Various processing
crude oil |fl> Residue : heavy oil |:> Distillate: Lubricating oil (base oil)
Fig. 2 Outline of the process from crude oil to extraction of lubricating base oil.
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Table 1 ISO viscosity grade (Industrial lubricating oil).

GIIIéz)C,le Viscosity mm?/s (40°C) GradeNo. Viscosity mm?/s (40°C)
ISO VG | minimum | midpoint | maximum || ISO VG | minimum | midpoint | maximum
2 1.98 2.20 242 100 90 100 110
3 2.88 3.20 3.52 150 135 150 165
5 4.14 4.60 5.06 220 198 220 242
7 6.12 6.80 7.48 320 288 320 352
10 9.00 10.0 11.0 460 414 460 506
15 13.5 15.0 16.5 680 612 680 748
22 19.8 22.0 24.2 1000 900 1000 1100
32 28.8 32.0 352 1500 1350 1500 1650
46 41.4 46.0 50.6 2200 1980 2200 2420
68 61.2 68.0 74.8 3200 2880 3200 3520
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Table 2 Various base oils with kinematic viscosities around 10/32/68 mm?/s @40°C

around 10 mm®/s @40°C around 32 mm®/s @40°C around 68 mm’/s @40°C

kinematic viscosity kinematic viscosity kinematic viscosity
(mmz/s) (mmz/s) (mm2/s)
Base Oil 40°C 100°C Base Oil 40°C 100°C Base Oil 40°C 100°C
NT 9.6 2.6 NT 28.5 5.0 NT 74.0 9.3
M 10.5 2.7 M 28.3 5.0 M 71.0 8.9
K 9.5 2.6 K 28.8 5.0 K 75.2 9.3
B 26.3 4.8 B 68.1 8.8
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Table 3 Property table of plant-derived functional additives.

Total Sulfur | Density | Kinematic Viscosity | Pour Point | Flash Point
15°C 40°C 100°C
mass% g/em’ mm?/s mm?/s °C °C
Vegetablel 11.3 0.984 91 1000 5 228
Vegetable2 14.5 0.980 - 34 0 176
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%% Table 4 IRT. SR NT ICZELAE | Mineral | StePilizing | Functional EP
] . 0il (BL Additives Additives
0.7wi% & A L7z Hah o, #eagvwma | OTBL |- o) (Wi%) et
g
Vegetablel % 1, 4, Twt% % N % 7= k& RI25 H ) 160
ehn -3 N 7 23
T5. RINEEIINT 5 & MR 160 - Vegitablel | 4 | 250
= -
kgf, 250 kgf, 400 kgf & EH L TW5., = around o 7 400
5 BERERIAIES ER LS 2T, R | 10| T T 160
WA, GREE LTS F 2 | © Vegitable2 | 4 | 315
ML, WS LT < rofeizb 7] 620
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Table 5 Characteristics table of various industrial oils.

Densit Kinematic
ens; Y |F la§h Viscosity T.AN. Cupper EP
category category name @15°C | Point @40°C )
N corrosion
g/em’” C N mgKOH/g kef
mm’/s
Vegetable2-1 0.872 | 202 28.6 0.03 la 250
Vegetable2-4 0.875 | 194 30.2 0.03 b 250
L Vegetable1-4 0.877 | 204 36.1 0.01 1b 250
Machine oil
product E 0.873 | 228 32.0 0.16 1b 160
(A):Comparison of product 1 0.868 | 226 33.2 0.14 la 200
deve€;f§d oil product M 0872 | 222 | 310 2.50 la 160
commercial product. Vegetable2-7 0.857 | 168 11.5 0.04 la 620
Vegetable1-7 0.857 | 180 12.8 0.04 la 400
Cutting oil product I 0.866 | 170 8.5 0.04 la 160
product Y 0.872 | 178 11.6 1.61 la 250
product E 0.873 | 226 28.3 0.20 1b 315
(B): Comparison of development oil 0.876 | 218 33.4 0.01 la 200
developed oil Machine oil
and recycled oil. recycled oil 0.874 | 202 | 33.0 0.01 la 200
(©): Characterist.ics table Cutting oil SN4-Vegetable1-7 | 0.829 | 222 24.1 0.05 la 315
of plant-derived SN4-Vegetable2-7 | 0.828 | 214 22.3 0.05 la 500
AO-industrial oil. | \rchine ol | SNO-Vegetable2-4 | 0.838 | 238 | 57.3 0.03 la | 315
(D): Comparison of initial 0.825 | 220 | 212 0.03 1 250
physical properties SN4- mnitia ’ ’ ' a
before and after Vegetable2-
recycle oil 4 recycled 0.825 | 220 | 212 0.04 la | 315
(plant-deriverd oil).
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3. 1. 2 WENE Table 6 Relationship between adsorption treatment and
it TR TR E % 5 A functional additi?/e’ (sulfur) concentration.

} ) initial number of cycles

72 2 VENE 1 1 30wt% T .
oil 1 2 3 4
WA EBRERM LT B8 [Sulfurcontent ~ mass% | 0.77 | 0.57 | 0.40 | 036 | 033
1

WINANZIEHRE N EEN T Sulfur from base mass% 0.33

oil
HOT, BEEE THRIAID g from

BRIk AE A BlEE Ly, JlEss | additive
B Table 6 (2753 AERRT Removal rate % - 455 | 84.1 | 93.2 | 100.0
DIMITIE 0.77mass% DB A

Bt S, WERZED IR 2 & ThSE R
TR T 5. Fo, ZoREHLE
TN I R O 53 A3 0.33mass% & £ 41
TWe., TOZ b, HRERMAICE £ l

mass% | 0.44 | 0.24 | 0.07 | 0.03 0

Before processing

DL 0.44mass% TH D Z L3RS . WLEE
[E1% Z & EINF R R OB S B 2 I L
PRERZRH L. ZO/RKR, 1 BoOLET
I 50%MBFRETE, 2 BT 5 EHAMmE
155 701iE 578 70%LL EOIRMAIFRE

"7 After processing
TEXTND = LMD Recyled base-oil
Fig. 4 \ZWAELEERT% 0D GPC (7 /W27 o
nv b7 T74—) ETHELET =2 &R 1
L7z, T2 Z L2 D IRmAINES 220

HIMZFIZ > TNA D LR FERTx B,
Fig. 4 GPC data of before and after processing.
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WAERBIZ LY FALZmE AT, &
EMAEFER L2, HAERERO MO W%
Table 5(B)/\Z/~9". HAERTR TWIEIZIZIEE
fbid7e <, AR & FER O ATRE 22 8 BR
AMERD Z LR TE.

mineral oil mineral oil +

stabilizing additives
3. 2 %B Fig. 5 Stability test at 280°C.
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L, ZHUCHFETHIE S BRI MR H 5D T, AP RERFREBEIOND.
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JRIEZR R A48 LT 280°C T 30 M DREMZHERT 2R R EITo 7. IRINAIO AN - T
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IR ELIE AN E o T2, RERZGA LT b OIRTFEEn 2o T, Z OfER, ZE(k
HlaEaT 5 AO-LEMTHILUTAENTE D Z L -7z

Table 7 Vacuum distillation of industrial oil.

.. Distilled Pot Distillation
Distillate . .. Pressure
. weight temperature temperature Distillate
fraction o o
g C C Pa
Fr.-1 3.1 200-231 78-100 solvent 300
Fr.-2 20.8 234-241 100-135 1°VV‘?;2fC“1ar 300
Fr.-3 86.5 248 135-164 BaseoilA 400
Fr.-4 82.9 250 164-166 BaseoilA 300
Fr.-5 82.5 249 166-168 Baseoil A 300
Fr.-6 454 249 162-167 BaseoilA 300
Fr.-7 80.4 257 164-175 BaseoilA 300
Fr.-8 83.3 259 175-182 BaseoilB 300
Fr.-9 82.2 260 182-186 BaseoilB 100
Fr.-10 414 261 184-186 BaseoilB 100
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— 5T, RN LGN /EIE, AFETHEA L WD Emof, YY) v - ST EOR
MAFEIRFIZE OGNS . IO OAEEEDOITIFE > THEY, FM» oM T 24AET 52 L1
T&ERW. LHEHOEMIHEHTE 2MEHIRMO—HMTHD. D2, S%EMOAEEREN I
S7eE, LEMERT I EMOMMB LIS Z N TEEND.

FRICREEM T2 N & THREBBTEICR N CIIREERREEETIAOTEMEEL Z &
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4. 1 tEYHEREMORE

JEUH SR DL 2 BRA U C LM o ok & U T rTRE 2o b4 6L & LT, Mk 27 1
WMAZET oD, = A7V, HiEtEoM, TINFIOEMEESEE Y, SLMREME L L Cllifs
TEXDON, TIAF v IR, NyFo~ORHEORBELBREIND. TEMIEMNT 512,
RNL Y RALKFZROMEIR I £ L. KA O T MO LI A4 5 2 ERA S RIEKFE R

(PAO) TOERENDHS.

I, BRFAZOFEBA~MT T, #HHEZETL, EET 252 LT, 1EROFEIMBRDRAL
K2 RET DR RO ALK O FEBF N EA TN D 230, F7z, WM sko Bih 4 M
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f:. ﬁ% ﬁ)ﬂf: AO-I%/EE (catting oil / machine 011) @‘riib(% Table 8 Kinetic viscosities of

Table S(OIZ/RT. BRFL-W T AO-T 21 Table 2 (IR plant-derived oils.
U706 R ORI O , HRRE L L CIXRE B M TH O 160 o fgggmaﬁc Visclog(i)tgc
kgf~200 kef, HIHITRMOEEIL 250 kgf DALy I E5iiT=L TV SN4 19.0 4.3
5. BLEORIC, BRI RO THIERS 2L sT O3 =
.

Table 9 Relationship between adsorption treatment

4. 2 REEEEMHORHESR and functional additive (sulfur) concentration.
4. 2. 1 REWRE initial processing time
WU, BERBFAMIC OV THRIE L. Y oil 1 2

Hkoj & LT SN4, AO-Z E ALK % Sulfur content mass% 0.52 0.24 0.14
0.7wt%, BEREVRINAI L LT Vegetable2 % 4wt% Removalrate % - 28 i3
MA T LEMEFER L. ZOMOMEREIL 0.52mass% Th o7, oz ziEER +
30Wt%DYRE T, 3-1-2 H L [FIFRIC 2 B A 1T o 7. Z ORFORFHRE % ICP THIE L=, #5%
% Table 9 1Z/R T ZOFREE, 1EIOLILTH 50%3bRETE, 2[NS 5 L FAMESE L7720
(245378 70%LL EOBIAIBREN CE 7. MWK O Z HWZ85E b I O5E & RERICHE
AT OWINANERER THRLSBRETE D Z LN T,

4. 2. 2 REBEHOMER

B AL AT - CHA L7 ZRmiz, LA 0.7wt% & HEREVRINAI Vegetable2 % 4wt% sl L €
HAMEZER L. BERMBOMOMNE % Table SONI/RT. FAR®R CIE, FAERITRNE
LU CRIZED Lo E2 R L TEY, WHEIZLXABERBFBANENTE 2 LR fFE- T2,

4. 2. 3 #B
Table 8 ® SN4 & SN9 Z H &L T 1:1 TIRA
L7=b DIz, LA 0.7wt% % 00 2 IR4 FE Table 10 Vacuum distillation of plant-derived oil.

EERM LU, WICZOREGEMZ, WMERE L Pot Distillation Distillate | Pressure
temperature | temperature

. ZOREORIREE LR &) L ORI °C °C Pa
Z Table 10 (Z"d. JEAREENIL, BB X 150 - - 260
Z260Pa T—ELTHEY, RIRELWET D 240 203-213 | SN4 260
LT, HAUY SN4 & SNO % ZHUZHUH 5 210°C 280-290 | 244-249 | SN9 | 260

. 320 185 - 260
& 245°C THEUERT 2 2 L TE .



5. A-IHAMDREAR

AO-T MO MR L 72RO RALKEIZ, 1kgH72 0 3.12kg D CO DB 72 DR
IZ 2.61 kg D CO, ZHE L TARINTWD., HIZTEN G F X URFHIMM SN 5 £ TOHR
BT DB D CO, DRBEHEIZ 0.135kg ThH 5. Lo TBBLEFHEMN—2AT1ked
720 037 kg FREED CO Z BT L TN D Z & 1278 5.

Z 0 AO-T ¥ 2 WA AHRIZ X 0 JEBR FE AT, BRUCtR 2 CO DPEH 2 BITHIfI X 5.

YLD Z & BB ANC O T D AO-ZE(LAIZ M L= AO-T3ihiE CO Pk &%
W T & BB O TEMTH D 2 L BM#ED.

6. F&&H

R S DRERETINAN 2 VN2, T¥MAERT S 2 LN TE .

B AO-F A NV DIy F & 5D Z & TRIMAMEE BT 2 IRMA] (AO-ZEE(LAl) & v C/ER
L7e TEEMIE, WA L BIEAEOMAGOE CRERAETELIZ A RM L.

TP K D ERALIK SR & AO-ZZEALAN & 72 5 BT, FEM Sk OBERERINAI 2 IR0 L 72 AO-
Tz L.

BIZE L7 AO-T M CO HEHEAZMBITH Z L DO TE ZRERNSH TH D 2 LRI
7.
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8%  CO.#EHi = (CFP {B) MEEIZDINT

AR S O L7z LM ORI % COHEHH #(CFP ) & 51H T 5.

CO EHHEAZFHET DICH o> T, BMAHGoNLETOLEL B, 2o TRED
COHEHEZ T X TEFHTHZ & T, KPR D CFP (Carbon Footprint of Product)ffi & =K %
ZENRTED. ARIOHETIE, £l 1kgdVDCFPERDDHZ LIZLT.

L, WO/ o N FEMEH LB A a9 2 & C, AL T2 EmE LTWa. T
TEME S HEMIZ 72 D F T(Cradle to Gate)?® CO, HEHE L, HER LR - 7=HEM%E EHRFE TiEA
TL HHkIC D D CO BN AR &7 .

B RE SN D £ TORBYELEIL CFP OFHHEL— MK SWTRIT 5. BARTITRGE
HA, BEAORITTDI—AR 7y b TV ML RT7A4 Q0233 HESETHEET S, AR
ETHWEEMI 7T AV TGS NSO T, #i21E Lubricants Life Cycle Assessment and
Carbon Footprinting - Methodology and Best Practice (2023.5)IZ D& R ST\ 5. HilofligEs
HoRFIZLD E, WYLV EEL 72 E-31.2 kgCO2e/kg Base oil )& VT, {LFKIGSHT
FEMA~ERLT 2R T 2.61 kgCOze/kg Base oil ZfEH L TW5. LoT, HEjlid> CFP (Cradle to
Gate)lE, -3.12 + 2.61 =-0.51 kgCOse/kg Base oil & 72 5. Z OfEIL, H_HHEIC L > TEAS
ARSI TN D,

WIZ, BREICOWT, 40 ft 2T FTHI L7 Z 2R e LCEET 5. Mo AEET )
5HEE TO/BETA 2,600 km T CO HEHEIX 1.03 . BiHHED & BUHE £ TOIEIE 9,028 km T
0.87 t ® CO HEHIE, AW B AR THILE TlddBI L% 45 km & LT 0.05 t D CO, HEH
& ULEAEH 195t D CO e E LD, 1 RTAHIY 200kg T1 a7 YD 72 KT A
(14,400 kg)® 40 ft 2> 7 T TEIINDLDT, 1 kg B2V O CO, PeHEIE, 1,950 kg fhER
14,400 kg = BAERFIZ R AT 5 CO PR E 0.135kg & 72 5. 1, #@REIZBI L CIE, MSCO2 Navigator

(ZHAEZ V—7") https://www.mitsui-soko.com/sustainalink/emissions_calculator/ % Z%&|Z L 7=.

CFP ZH M7 21257 0 ¥led O B h s TR L ik TRA 5505 &, -0.51 +0.135 = -0.375

kgCOse/kg Base oil & 7272,
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ABSTRACT
Carbon fiber reinforced plastic (hereafter abbreviated as CFRP) is lightweight and has high strength and has been
put to practical use in aircraft fuselages, supercar bodies, and wind turbine blades. In order to reduce the weight of the
bottom, attempts have been made to use CFRP for leaf springs for bogies and coil springs for automobiles. As the
coefficient of thermal expansion of CFRP is almost zero, it is expected to be a precision spring. As a molding technology,
we developed a method of manufacturing a CFRP coil spring with a silicone rubber mold using a carbon fiber cloth.

Coil spring constant was 7.0 N/mm.

1. LIS

CFRP [F#i 5 (HLE 1.8) THEAEME (L7 600~800 MPa) D7 MfiZerk, HE)H,
JRHER, HERE - V77 TR EDAR—=YHMICHNONTWSD D X FEEREIC LD
WREE) o 7= O El AR R ORI 7 AF v 7 (FRPLOBFZERR R N T C& iz 9,
CFRP ®la A VAT Y v 7 OEFECOWENH -T2 9. K HI1X 3D 7V g ey a—rah
BlZ2 WS M2k 0 CFRP AT Y v 7 &RIE LT &), S8 Ez~ L) v 7
A & U T e IR BE R L 7T A F v 7 (CFRTP) 2 AW @EN Ry M7 LA TORAFWE
bR I, CFRP ITEMZRIRE S IEF I/ S REEIER L LCORAR ST 5.
Z Tk CFRP A7) v 7 O GREHEN & L CORFBHHEZ v 22Ty ) a—r T AR
EDMERIAEZ LD CFRP 2 A VAT Y U TIZOWTHET 5.



2. ERAE
2. 1 CFRP O¥tEIZDINT
— AN A B CILRE B L OMEHERIZ DWW TEANIN RN T 2 Z & nmbhTing 12,
ocrrp = OfVf + OV, (H
Ecrrp = EfVi+ EmVin . ()
ERIZBNTop, o IXENZIREMHE, =R OBIEOBIRMS, Ep, Enl3REHE, —
REVEEDOY L ZRTHY, Vi, Vi 1ZRKEHME, =R BIEORBEAERTHD. LTk
WO R FEMMES 0 2 (BRI HME) 2V D85 AIE—H IS REBHENRZ S > TV D
UD #4(uni direction)iZtb XTI Teia 50%FRRE DB E & 50%FREE OMEMERE L 22D Z &R
HMOHNTWS. CFRP BB A —H — DR — A= Tld UD ¥ & R o5 IIER S I3Eh
ZI 2400 MPa & 600 MPa T® 0, MEFRIELREUZ DWW TIXZNE 4 130 GPa & 62 GPa & 72> T
5. BRSSO 5 HETR S 13 400~1800 MPa THEBMAREITE IR S ITIZIFRIFR 72 < 204 GPa ThH
%. ZAUZK LT CFRP TIIN—R L7225 RFMHEOWNE - IRFEEA =R - T M35 RE S &
HEHPELRE T B2 RIE L T 5. FRIZ CFRP OfEHMEREII~ U v 7 ADTRF VD%
DS RFRAMEI LR TE L <R BHT0a 1/100 2 Th 5 7o DERHIT LT D 13 FREC
KF¥5.
CFRP 2 A VAT o 7 CIIVRE IR AL 7 v X % Tz,
PR FBMHE T 3K 27 1 X & I TIRBEMHMEDIRTE S AR 1 & BRI BN K OO E O

Jﬁ-"‘ Pﬂl\f;

2. 2 EBMH

[RFEREHMEIT Fig. LIRS HIT F v 7 ZAB3K A2 n A, =R
% U fIE 1L Axson Technologies 8, A DY a— 1 I AIZ
1Z{E#i U =2— 2 KE-12 (Fig. 2), PP >— I (Monotaro #JE X 0.2
mm) &7z, FH & LAl A 100:40 DEIE TIRA LK FEHE
WCHTERAZ SR S, 22°C £ 1°C T 24 FRE#E Uik S &
7o, IRFEHEHECF LW5T), H T AHHEGE L), =AHRx
B 36 X OVl D 72 o0 | BN 15 JH R R 8 S45C oD ik %
Table 1 (278 L7z, SRFEHIHED 51 9R TR S 1% S45C (THA~T 5~8
fEE <, MO 2%FRE T S45C D 8~25%|Z TR <, ¥k
B LI WD &b FEMAETRIL 7 Z 2 F > 7 (CFRP)IEIT
kf & U TENT RIS S .

Fig. 2 Silicone rubber KE-12.



Table 1 Material properties.

Material
Properties
CF GF steel epoxy
Name Toho Tenax | E-glass | JIS S45C | z-2/h-07
Tensile strength [MPa] 4100 2500 569 - 686 68 - 78
Tensile Modulus [GPa] 240 73 190 - 210 345
Elongation [%] 1.7 4.9 8-25 2
Density [g/mL] 1.77 2.5 7.8 1.05-1.10

2. 3 CFRPEERF DER

Fig. 31C3 U 2 — A AIC K 5 CFRP &l i TR A7~ L7-. Fig. 3(a) 1% JIS Z 2201 @ 13
FHEIL U 7 B S R SOmm, 18 12.5mm, X 23mm D7 VI =0 AR A & LTy
Ua—ranAl (BR . TR EZAERU7-. (b)IREMME 3K 47 v AEFTEDOKE ST
Ja—r IAFRICHEL, 20 LICBILHIZRE LT S UBE21ES. (v ) a—rFh
PREZERECHEOHERGELND L IITT Y RU=A F&#HE T 22°C = 1°CT 24 K #fE %
(Zffifl U 7= CFRP 85| 3R i 2 I v (.

(a) Silicone rubber mold (b) Carbon fiber 3K cloth  (c¢) 24 hours hold at 22°C
Fig. 3 Molding method of CFRP tensile test piece.

2. 4 CFRRPEaANLRTY IO - <Tik

RFEM72 CFRP 2ANAT YT OFGIR - ~FkEL T 2x5 A X (WiE RIS 2 mmx/E 5 mm) % Fig. 4
IZ, 5%2 AR (Wi AR 5 mmxJS 2 mm) % Fig. 5 \ORU7z. BREHEY AL IZE T 3K (B E#kHE
1 ASER 7 pm TIAA 3000 AEES7-H 0% 3K EHET) O R FEHERZ A VIR - TREELTZS
D% UD MELTe. FoRFEMHE TR 3K £/ AZFE - NEDIRICUIN L7=b 0% MAT MERLT-.
Table 2 (ZAE#G% CFRP 2A VATV 7 OHEZ R L.
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IR

Fig. 4 CFRP coil spring UD(2x%5). Fig. 5 CFRP coil spring UD(5%2).
M= A N ATV T OBGEHEE LT, WK Table 2 CFRP coil spring size.
HAWIES) XA TRD S 10 Height{mm] | Width[mm] Symbols
4 5 UD(4x5)
__TP _ _aGé 3) 4 5 UDMAT(4%5)
k,ab?  2mk,nr?’ 5 2 UD(5%2)
2 5 UD(2x5)

3 2
7120, o MREARIGS, G BEEMARE, m E oA VR, o RIE, b WRIE, P T,
BEE, 0:72bR, ke alb D3 1.0~0 123V T ki =0.208~0.333, k=0.140~0.333 & 72 H1R%%.

SLPERECdo % CFRP CIARERIESREL Borre, BHBRMECREL Gorre (2515875 10) & AAE ST 1R D 723
S0 PR FRAHE DO TREE - HEIELRE e & DOWPEM S HIZ CFRP & L TIRFBHEDBREEHE 1D
WREERESZT L2000, FEEROGIRABRE R b FERAYICHEHIESREL Ecrre, BEHPEIREL
Gorre b E®HDHZ LT LTz, ELUTHER L CFRP oA VAT Y 7 CTOERESO LRGN H
CFRPH A NAT Y v 7V ORGHHEMELRD D Z L L LT,

FRTE RN IR B M TIZIE O 8 1 OARRE TR FAMED Lo B < RRETH H. 2 21
TR F URHIE A IR EMAE RIS AR L2 BICEE L U 72 72 OIS R FBAMEHE — A — AN 5 iR o 2a
U OFHITFAE L. F7- CFRP oA L X7 o 73R T S5 72 D OO
B R LD O B b HIEFIT TH D 7o O REMHME A —ARIZHET 2R LY O 5 b HPEHEPE T
HDH. TN THEER 10 E & BEL bid.

2. 5 CFRREOAIWRTYVTDERER

v a—r I AEHWE CFRP OB HEEZRRE YLD T, YUNEhHkROME =1 12
TV T EFERLELTCYVY a—r INIBERET DI L el AR, fllas VAT 7%



VU a—r A ANLERT AR Y 3= T AR
HLTLES LW MBENRILCE ol £2T
FDM 5 &® 3D 7'V v Z 2LV ABSBIlECaA L2
Uo7 DREMEESZ & T, JRMEHRNS 5O
a— 2 I LDOBE L EET D HIEEZRATZ. Fig. 6 1T 3D
7Y v E 8 ABS Bl(5x)a A NAT Y LT FEITH B,
Fig. 71X ABS®aA VAT Y 7 & FRE L) a—
VEALMTCHD. ABSAANVARTY I FRMET T
Po— hTEEMFT T ATHEREEEL, £2
(R LA 2RI U723 U 22— I A KE-12 & LIABRSR
IR C 8 REILL L#E L CEb S 7. £tk ABS #io
ANATY o ZFEREZRY B L7ZH O Fig. 7R LT
Y a— I THS. Fig. 7 Silicone rubber mold by medium

Y a—r I ARONMEEIZE Y 52T E DA pressurizing cone cylinder.
EELIALZ ETYY a—r T APRIMINRE & T /) 2 7]
F L CRFMAME Y 7 AR X UBIEE GRS EDHIET CFRP af V27 o7&l L7,
MEDTDIZT == RDT T AF v 7 fla— 2 5 HikbRAl

3. EBRHER
3. 1 ¥Ya—2ILETHR L= CFRP 5[5REER
Fig. 8 IZv U a— 2 T LHITIERL L 72 CFRP 58ERBR OIS - 0T iK%~ L7z, UD M &
OC'UD M/MAT M D5 iRR S X2 hEh
130 MPa & 120 MPa T 0 fitiEfa%k 140
1£3.2GPa TH -7z, 120 H —a—UD-MAT
Fig. 9 Icv U a— v TAMTHRBE

—a— D

7z CFRP W= A VAT Y 7 %R §§g

. Fig 10 I22 ) 2a—2 TAMMEER § 40

D L7z CFRP oA VA7) v 7% ‘ ? .
~ L 72. Fig. 10(a) IL UD(4x5), Fig. 0 0.01 0.02 0.03 0.04
10(b)I£(4x5)D UD & MAT HfOIRA, A

Fig. 10(c) I UD(2x5), Fig. 10(d) I Fig. 8 Relationship of CFRP tensile test
UD(5x2) Td 5. Fig. 10(a), Fig. 10(c), between stress and strain.



Fig. 10(d) TIE> U 22— = A FI b O BRI 2 13 2 H
L7z R VB SN Y L e 5 T D O ER S
iz, CERP A VAT U > 7 OMRETMRER ClE 2
SO EHIER LT,

Fig. 9 Molded CFRP coil spring
UD (2x%5).

|

Fig. 10(a) CFRP coil spring (4x5) type UD. Fig. 10(b) CFRP coil spring (4x5) type UD/MAT.

Fig. 10(c) CFRP coil spring (2x5) type UD.  Fig. 10(d) CFRP coil spring (5%2) type UD.
3. 2 CFRRREIAILRTY VT DHNE - Tik

2.40

| u CFRP ABS |

Height[mm)]
N
b
S

revolution

Fig. 11 Cross-sectional height comparison of CFRP coil springs and

3D-printed ABS coil springs.



Fig. 11 {2(2x5)® 3D 7 U v % TIERL L 7=
ABS A LAY v 7 DJFM L CFRP L= 1 L

ATV T OEBEZHIZEBT B a4 VEiEHO
EX%ZRLT. CFRP 7% ABS FRI L0 ¢

0.05 mm /NS o7z,

Fig. 1212 UD(2x5)® CFRP A /VAT YT D
Wik DOlEZ -~ L7, 181X 525+0.10 mm ThH-o

7.

3. 3 aAAILRTY T D

CFRP 2A VAT Y v T OFHl D 7= 81T Fig.

13T R R 2

Clamped

— Measuring rule

LA T T A |

Fig. 13 Schematic apparatus of load

and displacement of CFRP coil spring.

Fig. 14 |Z (4x5)% A X® UD #4& UD
IMAT #4 O i B -2 D BfSRZ R L
72. UD MO A TR EE D -7
{ERIL7Z CFRP a A VAT Y7 Dih
VIR A B ff-BRAT AR BR 21 TV N2 ODFf
2% Fig. 15 1R,

Fig. 152 (4x5)% AR CFRP =1 /L
ATV 7 D 1500 [EIETOMED LA fif

54
5.35
_ 53
E 525
£ s2
® 515
5.1
5.05
1 2 3 4 5 6 7 8
measurement position
Fig. 12 Cross-sectional width of CFRP coil spring
per number of turns.
40 F
30
z.
o 20
2
< o b —2—UD/MAT
—e—UD
0 <, 1 1 1
0 _ 4 8
Displacement[mm]
Fig. 14 CFRP coil spring force - displacement
UD/MAT-CF (4x%5).
45
40 f LB
35 L [—5—UD-(4X5)-0
0 | UD-(4X5)-500 /
— UD-(4X5)-1000 ya
Z ;(5) I UD-(4X5)-1500 | ./
3 F =
—
Esy =
10 o
5
0 ["‘ 1 1 1 1 1
0 1 2 3 4 5 6
Displacement[mm]
Fig. 15 Force-displacement UD-CF (4x5).

BB AW E-ENORFRE 500 B2 EIZRLTE. 20

KUEZIZ LS [/ — DB Th-olz

N £ TOMEDO AR TITLALIT 3 mm THED



Fig. 16 IZ(2x5) XD CFRP =A/L
AZV 7D 1500 [EIETOMED IR LA
BRI 01T DA B (LD BSRZ 500 [H]
TEIRLTE. WEICKTAENMBIES
DENRKEDST.

Fig. 17 1Z CFRP {aA V27V 7D
IBREERLUEZ. A VATV iER
TEHIE UD/MAT $4(4x5), UD(4x5) Tl
ZFNZEH 4.9 N/mm & 7.0 N/'mm THY,
UD(@2x5)& UD(5x2) TIXZ N4 0.9
N/mm & 0.4 N/'mm Th-o7z. 2A/VAS
Vo7 OWHE R REWEXS) A XD
JiERERITREE AN ST,

Fig. 18 IZ#§0 i L& faf-BRA s BRI
BIERERDOENE R L. WT
b 1500 £TOMDIRLABRIZ I NT
IFRERDOEITIZEAE 7 UD #
(4x5) L UDM2x5) TidEnENDidi
TEFE 7.0 N/mm & 1.0 N/mm EZ2E LT
A/l

3. 4 CFRPHAITER

Fig. 19 12 3 sifliF 5Bz c
ATz,

IS ) oIk KT H A BD. ZZTP
(I, [ ISR THIBERE, b (TR O, h
FROmSZRT.

_ 3Pl
" 2bh?

ot

4.5
4 [ —=—UD-2X5)0 /a
35 L UD-(2X5)-500
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Development of Solar Chronograph Watch
with 1/100 Second Measurement Function
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ABSTRACT
We have developed a new solar chronograph watch, Cal.8A50. This watch is equipped with four independent dials
and corresponding measuring hands, allowing stopwatch measurements in 1/100 second increments. When measuring
with a stopwatch, each measuring hand moves at high speed to display the measured time. The GEAR BOX structure
provides an independent dial layout and high-speed movement of multiple hands. The special drive system suppresses

the drop in battery voltage during high-speed movement.
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Fig. 2 Example of time mode and stopwatch mode.
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Table 1 Drive conditions for stopwatch mode.

Motor Number of ~ Number of Driving cycle
scales steps per lap
1/100 second hand 10 20 steps 2 steps / 10 ms
1/10 second hand 10 20 steps 2 steps / 100 ms
Second hand 60 60 steps Istep/1s
Minute hand 60 360 steps 6 steps / 1 min
Hour hand 60 360 steps 6 steps / 1 min
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