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Development of Mass-Production Shaft Plating Technology
for Magneto-Striction PAS Torque Sensors
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Abstract

Yamaha Motor launched the world's first electrically power assisted bicycle (PAS) in 1993. Since then, the PAS riding
experience has become increasingly refined thanks to greater battery performance and the drive units becoming more
compact and lightweight.

The core of the PAS system is the drive unit, which is made up of the motor, controller, and torque sensor. The torque
sensors used in early electrically power assisted bicycles used a planetary gear mechanism installed on the same axle
as the crank to detect the rider's pedaling effort. However, an issue with this method was pointed out - that the pedal-
ing effort required increased due to transmission loss. Since 2003, magneto-striction type torque sensors have been
used, which eliminate mechanical loss through direct detection of pedaling effort by a sensor installed on top of the
crank axle'".

This report introduces how - aiming for further cost reductions in magneto-striction torque sensors - Yamaha Motor

succeeded in mass production of torque sensors featuring a high-sensitivity magneto-striction membrane created with

alloy plating.

12 Loble

EBE)T A NEHEEH PAS 1&, 1993 i V= \JEFh D,
SR THD TR eI NIz, ZD%. FIA/T 22w D/

257 b ol o TREVEE N R EERIT 5
Tricky, BHNETZADRW TRV Y] B
FHEhTws Y,

AT, ANV Y| OXSERZIAANET Y

R RALSS Ny T UMERED I FIchnZ, Fe0 DO AR
HRLNTE

ZOLEHTHERIAT 2=y ME, E—&, avinm
—F. MV DO ENT WS, YIHOERT7 S A
FEEHICERES NNV YE, 252 vk lh
ISR STl B 2 T D T A B L T e,
LA LTDHETIE, BEDRCXORZIVES I H BT %
LI RAHEE LTIRIEN Tz, 22T 2003 #:X0,

ZHIEL T, A0 IR0 RRE R B2 5Lz k
W T ORISR LIZD T, ZOBEITDWTH
9%,

BROIAL

MgEXNV 72T &, MERZRDOIY T B
HAIA L, BilEhBAE S Z2HEL T Y 2VES

YAMAHA MOTOR TECHNICAL REVIEW 14



PAS BER FILV LYD& EY v 7 FEERINTHRE

Development of Mass-Production Shaft Plating Technology for Magneto-Striction PAS Torque Sensors

b9 BHIEER THKENS (K 1D, fCknE. vy 7k ( mame )
DWENRIC K BBHABRDZLINTH T, T DTS,
ZhzEWMmild 530V hEdiL7m->T0i, £2T. Ml
IANDAXMEY V7 H, B> LiEZRHLTY
¥ 7 Mtz IR U T i 7> v 7 b O R L 2 B
L7z,

BEHRICLDIRERE

Do EHED
EREEE

| e

||

ﬁggéﬂ ABY BE=

X2 SHoERBIEE

3-2. o EMFLLEDRAEIRER L
BRD>EORSHEOEMC BT, WEICHOE X
SN R 0 B ER R LI, UL, X OE—
LD OB > X HRICH U TZFR T A R TH 5
Tedh, @ EBIRO MR —#% e LT LE VI
= RE{ADELY, EHIEA LI, ZTT, DoXRE—RZuL, Wi
BLDH->E THEAFH LM EBEOREC BN, @k HOTYRZMIL, 2Oz IS 2T & TR EZZ
ERXOEMEEERT DI, GR-x0mst W EEEHEE -7 (K3),
REERIEICaY ba— V2306808 H5, A ba—)Lg
BI8TA—REREDIAG FsdIT, FEMEEA P (R LB R O
HIHRITO, ZNEIUTHT 2B ORI 2117z,

M1 BEAMVIEUYIEE

3-1. o EEMHDIFO—IV

FROIAATZEINT A=K T B0 B e MaE LTAs AL, 2
NSz SRS ICE I CE DD BDETHHT e h b
oz BHOTWMIHT, NTA—REEBEIcaY ha—)L
T BITE, DHoEUHEKDV T IV EA LERE D> ZHIR
REDHRZ2(b. BXUZ U EEFNDOHEAIFES AT L
DL %, TNHORI X, Y~/ FEBRE DL il
HMBXTVYINE—R—T T =TT WEILFEBFEL
7z (X 2),

K3 G&&HoEMTEERELRM

15 YAMAHA MOTOR TECHNICAL REVIEW



PAS BHER FILV LYD& EY v 7 FEERINTHRE

Development of Mass-Production Shaft Plating Technology for Magneto-Striction PAS Torque Sensors

3-3. WET—2D—TTER

FE - AR AMENOIOAL LT, GBiCd 5T
—%, BUELMICT T —2, BT — 2% 2 HE)IE
TEVAT LERRL, ST —2%Z2 oS, T 5
HfHAZE AL (K 4), UKD, RERIZIERITH
STEIREFSLBMHE L LT Wi > le T — 22 Bl TE
RV HTEhAREL EoT, EBIK, TOVAT L%
HHL. A CRELTIE=XT, 8o — 2%
RZZeUl, ThuC KB sz, Bdrh o R oRk
BT 5 READORRIERSHEICOETTWD, Fie,
BUEA R EOFAERACIE, BET — 2728 DFIC /7
MTEBXITE->TVS,

SR BE o T =2 SR EITH T B R iR
Widc2&T, AV ha—)L T3 A2 bIic ks E
55 mEmE « KIAMEZ HIEL TS,

TSR T—HHER ‘H
1 REFIVY

4t : Ethernet (LAN)

F—hEE L %
AT H— [ » | J
- BRBIANRET 58K

- )
B‘J‘%J [ 4N : Ethernet }

SAVE=RIZED A A /’
ﬁ ﬁ

REEHORI B
B4 #BELET—2VATL

-

BILyMERIZED
RREAD

B

4-1. g E AV -ERE A1

NCEBIEETIE, & T - GNEORRZRAEETESA]
RN H 2, Flz. H-oE TRIIEFMEZIORS 128,
BERRDEETH S, ZTT, EEOLEEN E. T
Wb LeiEZ o —{k, A/t ZHMELT, TH-%F
I Y 7 hOWEHE ), T>E/RZ—IEK. [132—2 DK
) FHBHOXICKERE L, 51, A - ki
BOTE, DKL, ThiLEE), TR D% LHZH
B THEX - PRS2 3z B LTz,

B SRRl 2 C—

4-2. )V BREG(E

EIBsh- X3 iiE. [KYE. TRITULERL, (s ZULBE), (%
TR OMEMERE L T EWA LY IR Y] B DD
TR LI VB Uiz, SR ORI,
1 vV T EDBERIFEE L, R OSMRE D e
LI KB ORELSENTEBTLTHD, e 1L
CLTRIFRENTES0, MRRHER IS e BT,
TLFL T ICHE RS I REL 2% (1K1 5).

T
H L =m0

" | H J_"L_
o4 o 1 3 e T

= i
[N

by %0

@

X5 v ERBES>ERRE

Bhylc

Slal SERICERI LT B RO IBEEAIC KD, milk
EaT vy 7 EHE6N, MV Y OBGEa X DK k%E
MBIEMNTE, L L, ®PELEILNDOIKIE E 72 MhE
STEMNOTH S, SHEMENEIEVIABZEL T, BE
T FE D W BHFEICTF v L VLTS,

RIS, YRNE—Z—TZL7ha=JRcBVT, #D
T ERDH>ETERONS EFICE Kitghizwniziz
WIS DZ KD BIRE OB RRICEREHHL LIFE T,

&

WBEH
[1] HARED : PASH TRV Y] OBFE (v~ \JE
ThH%FR No.49 2013)

YAMAHA MOTOR TECHNICAL REVIEW

16



PAS BHENN ML £ Y D& - EY ¥ 7 FEERIKERE

Development of Mass-Production Shaft Plating Technology for Magneto-Striction PAS Torque Sensors

mEE

M B2 (FEREHS3EH)
Hideyuki Kobayashi

YINE—S—
TLIMR= Y AR

FRTEREIGER

FE A (ERENS1EEH)
Takuya Hagiwara

YINE—Z—
TLYa=yAKA &

B

W ES (FREH,S2EE)

Noritaka Horiuchi
YINE—X—
Ty AKA &
FHFEREREAR

8K FRth (FEREDS52EE)

Kousuke Suzuki
YINE—Z—
TLIba= g AR
B

VIR K (FRAEDS1ER)
Shota Oyaidu

YINE—2—

ILrbaz s AR

S

HO X (EBRELS1ER)
Daisuke Iguchi

YINE—Z—
TLrha= AbkEtt
ARG

17 vYAMAHA MOTOR TECHNICAL REVIEW

8K RS (ERELS2ER)

Yasuhide Suzuki
YNnE—42—
TLIa= I AMA &

&R

WA B (TEREN,S1ER)
Itaru Kamiya

YINE—2—
TLybaz s AR

iF B (LEREHL52EE)
Eri Shinmura

YINE—2—
TLyha s Ak EH

ARG




