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ABSTRACT
Development of an electrostatic induction generator began in 2009. Since it was known that the electrostatic
induction mechanism had the advantage of being highly resistant to magnetic fields, the development of a motor was
also initiated in 2015. As a result, Cal. NS30 movement, equipped with an electrostatic induction generator/motor, was
developed. ACCUTRON SPACEVIEW 2020, equipped with this movement, was launched to commemorate the 60th
anniversary of the release of the “ACCUTRON”. The technical outline of the Cal.NS30 movement is reported as

below.
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Fig. 1 ACCUTRON SPACEVIEW 2020. Fig.2 Development view of Cal. NS30 movement.
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Fig. 3 Electret sheet with charged areas on both sides, radial blade shape

and mass production facilities for charging both sides.

4. BHEFEBEBIZONT
4. 1 HREHOBEEHEREBEBTATOEEDGNA

Oscillating welght
Rigid electrode substrate

Train of speed |
increases |

Twin rotor

Transparent -

electrode substrate

Fig.4 Development view of generator.



Fig. 4 [IREHORANTHDH. FEFEOE) X (CHEE) L CREET LY A v r— X —DO#E{E)R R
2% X ONCSCFERANC I E B 2, EHEANIXY ¥y REBEHRAHRE L, TomIcY A
va—Z —ZEHRFRRICIRFF L TS, v —& — L BEMEMN & OFRIE 100 pm FRE T 5. [EliR
BEL Y A m—H— LT RS 2N LTl o TV A,

Fig. 5 IIFEHEBOWHIK THY, £7 L — NeBMmEOMERBRKREZRLTND. v TR
WELlon— ¥ —)PNEMICEHE L RICEBIC T (77 R) OBMPSIEHFELND. 1
—Z—OBEICHE, EMEZEHOBEBMEENZLL, EMOBHT 70, ZOBEREKIZER
3% 2 AL CHEBITE LTI A 23 A B R B OIERPECTh 5.

Fig. 6 IIFHED VAT L7 0y VK THD. [FHREEDEHERIZ L, YA v —F =N 5.
R LT R EEI DS B TR R S, REER T/ 6 fFICRE L, REMICEE,

DOFES)THERE IC 2B 5. BEEROHZIE 1T B 1R (6000 4%) LI ERGEEBECE T 7255
A, 1 AOBEBREE 2 DRk E 2o TS,

—_— Charging
-------------- Du‘echfm of circuit
—— rotation

Full-wave rectifier
circuit

Fig. 5 Positioning of rotor wings and electrodes.

Generahou

| Substrate C]%“g@g

circuit

Full wave \:ioltage

rectification ownl

| converter
\ {} 1/6 times J Charging

Power
supply

Generating block

Fig. 6 System block diagram of generating block.



4. 2 E—H—OBEEBERELFITRATOEEDREA

Rotor  Rigid electrode substrate

reduction gear train

Transparent
electrode substrate

Seconds wheel and pinion Axial adjustment mechanism

Fig. 7 Development view of motor.

Fig. 7 (3E— ¥ —0ORHKTH L. v —F —OBEREIEE AL — 7 FES OB X H0E#E) L CH
2% £ OITFRMNITE R EMIER 2, BHEANCITY ¥y FEREREZREL, »—2—%H
%n%:%ﬁbfwé.m—ﬁ~&%*ﬁ%ﬁk®ﬁilmwn&ffké T—X —7p EOBRE)
B i B IR OB BARILIR 2 FI A T & 2 01%, BIEERENY 2 5B G D CTITORHM%
THY, THEA L EDOAY v FBRKEW.

Fig. 8 ITE—# —HOWHEK THY, &7 L — NLEMEOMERRFREZR LTS, BRI
o—x— Lt (77 R) OBEEFHINTLSZ LTy, FRCHE L e —Z —2EMIF| &
FELBLEFA L2oN, HFEHFEE—F —O@HEFHETHD.

--------- Direction
--------- of rotation

Fig. 8 Positioning of rotor wings and electrodes.

Fig. 9 IIfREHRENR DT AT A7 0 v 7K THDH. WBHIESHRETIIE—F — T4 N CTEM
BEA 30~40 VICETHE LBBES2HEFEE—FZ —ICHMT 22 LT, Bé#ta 2/ —7
WS, WEESIREE TOBRENS 51X Fig. 10 O X 972 12 Hz O —HHRENE 5 ThH Y, n—F—
IX 180°/s OME TR 5. —J, BEREHIBMAT v 7T —4 =2 LV AT v 7T 5. %

BOUIED < RWVIREED RS &, EiEMEREN B S, PEH K OHEF ST — ¥ —I13ELT 50



REosHdEs 2 fil) 5. HOREBELZRHT S &, HIBERENSERL, REFHICIEE—4— KT A
N2 BESH, FEFYT— X —&B#E7 5. @IFEHZICIX Fig. 10 O 6 Hz O =AHERENE 5 2 F)
ML, BOWEMSEE LS 352 LT, REFFNECEB S NN SHIE A EET 5. EIE#IC
1% 12 Hz CHXE) Uil SR iEIc 3 5.

Electrostatic

induction motor
Generation ~ ON signal M(I!tor —)p
%ﬂal Driver ‘ |
Booster U_I—l—,—|_
-:r s ™ Secondand

" AR e TN
Electromagnetic —
induction step motor m » w | I
Center wheel
Fig. 9 System block diagram of driving block. Fig. 10 Drive pulse for electrostatic induction motor.
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Fig. 11 Effect of material thickness.

Table 1 Parameters for effect of material thickness.

Conditions Additional Movement Material Humidity
processings structures thickness environments
Condition 1 Avg. N=12 Once Nonexistence Thin Normal lab. environment

Condition 2_Avg. N=6 Once Nonexistence Thick Normal lab. environment
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Fig. 12 Improvement of basic performance.



Table 2 Parameters for improvement of basic performance.

Conditions Additional Movement Material Humidity
processings structures thickness environments
Condition 3_Avg. N=6 Non Nonexistence Thin Normal lab. environment
Condition 4_Avg. N=12 Once Nonexistence Thin Normal lab. environment
Condition 5 Avg. N=6 Twice Nonexistence Thin Normal lab. environment
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Fig. 13 Improvement of moisture resistance in high-humidity environment.

Table 3 Parameters for improvement of moisture resistance in high-humidity environment.

Conditions Additional Movement Material Humidity
processings structures thickness environments
Condition 6_Avg. N=6 Once Nonexistence Thin High
Condition 7 Avg. N=12 Once Existence Thin High
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at a fixed surface electric potential. at a fixed rotation speed.
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Table 4 Improvement process of drive torque.
Axial adjustment Prescribing the amount Other Improvements
mechanism of adjustment work
Initial (N=6) Nonexistence - Nonexistence
Phase 1 (N=15) Existence Before Existence
Phase 2 (N=10) Existence After Existence
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ABSTRACT
The authors developed the Cal. 9RA as the next generation of the Cal. 9R6, which has been the core caliber of
automatic SPRING DRIVE since 2004, aiming for higher accuracy, lower profile, and longer duration time. The Cal.
9RA movement has a low-power temperature compensation circuit and a VACUUM PACKAGED IC to reduce the
effects of temperature and humidity to +10 s/month. Cal. 9RA also features a thickness of 5.0 mm and a duration of 120
hours thanks to the use of a DUAL SIZE BARREL and an OFFSET MAGIC LEVER.
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Fig. 1 Spring drive control system.
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Table 1 Comparison of movement specifications.

Cal. Cal.9R6 Cal.9RA
Time accuracy +15 s/month +10 s/month
(With temperature compensation)
Movement Thickness 5.8 mm 5.0 mm
Duration 72 hours 120 hours
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Fig.2 Load capacitance and frequency characteristics®.

— XIS, AKEBIREE TITAMARNRKE S 2D EHEBREBERNPRKE <25, Cal9F (3 7R
N—WEM CTERMAGREI D mW 2D, WM IEMERE & RE R FEORBELERIEN =T
VEHBWTETCND, BELENMREN T o 28 L, RMEL R IAMAREZHOT L
T, Fig. 2 1\ TIREE DO ZALA D 72 O dif O MBEIRICER ET D 2 LN TE 5.

Cal9R6 (T, A FE W K 2 HED 72D EIRMAGHE I HAME <, =1L — ISR D 72 8|2 Table
2 IRTHY IC OMBEIREZ /NS TILERD - T-. KEEEBERLO0 IC IZHEH ST
DIEEREN T YL Cal9F L W/hSWERTH Y, WEORERNAZ EBT 5 2 L 2SN
Thot.

Table 2 Performance comparison.

Cal.9F Cal.9R6 Cal.9RA
Powered Primary battery =~ Mainspring Mainspring
IC Current 150 nA 35nA 45 nA
Consumption
Stabilized oscillation 9 pF 4 pF 4 pF
capacitor A
Stabilized oscillation 6 pF 2 pF 2 pF

capacitor B




3. 2 HEAL~ORYBHENE

Cal9RA TREIFEEL A BT 5 72012, il SOI®~7 1 & 2 % VT Cal.9F & b L 1/2
HEEF CHIE CE DR EMEEAIEE L2 IC 2B Lz, SHICZ0 IC LAMIRE %
—ODDHEZENy r— VNI T TEREEREZE Ny r—T 1C) ZFiTIZB% L.

Fig. 3 IZBHIX &2~ 1IC & KSR -2 45 SEE N F — o T & EZE Ny 7 — U NICE AT
52 LT, WE - FAEREEE BN T DG L EBL L.

Fig.3 Package-IC.
FREEEZE Ry 77—V IC B T LTI E IS % DR 2 B % Fig. 4 (2”9, FLZER
=V IC EKRBREN 7238 5 729, BRIl OS5 AL O #)kk U -CRiefil o A58 28 8h 23 1313 g

W2 EDGND.

04

0.2

)
L
? Cal.9RA
-
= 0
S
® CALSF
@«
E -0.2 CAL9R6
0.4
0 20 40 60 80 100

level of humidity[%]

Fig. 4 Humidity effect on accuracy.
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Fig. 5 Temperature effect on accuracy.
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Fig. 6 Thinner movement.
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Fig. 11  Evaluation results of carrying Cal.9R6 and Cal.9RA at the same time.
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Table 3 Winding ratio of evaluation carrying Cal.9RA and Cal. 9R6 at the same time.

Winding ratio Carrier A Carrier B Carrier C Carrier D
Cal9RA Cal9R6 | Cal9RA Cal9R6 | Cal9RA Cal9R6 | Cal.9RA Cal.9R6
dayl 2.97 1.71 6.22 4.76 1.47 1.00 5.35 5.88
day2 2.12 3.83 4.27 3.36 - - 4.43 — X
day3 2.29 2.86 2.17 3.52 1.48 2.31 - -
day4 2.58 3.65 2.76 2.69 - - - -
day5 - - 2.18 3.54 1.89 2.60 4.81 4.15
day6 - - - - 2.80 2.35 4.70 4.73
day7 3.50 2.20 - - 1.75 2.35 - -
day8 2.76 3.54 - - 2.56 1.80 - -
AVERAGE 2.70 2.97 3.52 3.57 1.99 2.07 4.82 4.92
Ratio of winding
ratio of Cal.9RA to 91% 99% 96% 98%
Cal.9R6
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Table 4 Mainspring torque element.

Shape elements of mainspring Elements that change with shape
Thickness The thinner it is, the more rolls it takes. = Duration increases.
Length The longer it is, the more rolls it takes. =*Duration increases.
Width The wider the width, the more thickness of the movement.

BRIV A T U N ORRCHE G IR 20—, Wil TSR o 5. £ D12
HFAFEWIEZIAS LTIV Z@EDicsy, TAEWEARZE LEBREAZOT 2 & TR %
XL Ccns.

HLUTH_FERIILVAT Y b EFERGAICRKAMETE 225, 4. 1 TR L72E R EOBRT
Wit 5 B~ DR 2. DT, HAEWESZZWEL M7 Z@mdlcsy, EAEWIRZED



LCERMEHES LS, RIFHEKEUEHEZ ST 2 & TR Z ML T 5.

F£72, Fig 1217380, Pl OMEITE -FRONNERTME, £ AREE20 L THE
FHOBAENWEZE EIFAHEL > TWA. 20D ERENRIT TN ENHEIK 95%LL iz
LEITHFESNT VD, 2D, H-FREH _FROKRA M7 IXFEIZHY EVBRIRLH
TW5S., BEFBENERGINCEN ) ZARZBREPNVTHRA VIR TERDLE, 810G K HICE
— BB T

LROEEF VBB T 2T YA AN LD MV Y BRE R Fig 13 12T, EIRFE—FHO b
NI H—=TThHY, GUBNE_EFRO NI =T Thd. &7 77 OMHHITE ERHCET S b
VT THY, FRIBMIFHCH I EIND VY TH D, BEIOE A FVEMITEN 0 DIREE,
DFE D EALEVRERE TENPNIIREED B BMTED 2 T2 BRORA b7 Zfti s L Tn
5.

ATV T RT A 7 ClIFrpce i 2 et L7 LT, IC EKMIEE) 0N ZE L CEEN T o8
AFE MVT TIRFNZ A T 1y 7 3T CHREIICIED T, EHREOREE AR L TN D 7.

Cal.9RA DFXEIX, 5 &M 1 BE TRHOFHERH & LTW\WbH 7, FH15%&ELLET 120
R R A R L T 5.

First barrel Torque Curve Second barrel Torque Curve

Required torque for winding

Torque output during unwinding

/l Total 15 rolls or more |

45'- or more 10.5 or more

Toraue
~

transfer ratio 0.95 2

7 6 5 4 3 2 1 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Amount of unwinding [roll]

Fig. 13 Torque setting for dual size barrels.
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