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Abstract

With the increasing standardization, integration, and intelligence of China’s industry, encoders, as
an indispensable part of the high-precision electromechanical equipment industry, are in increas-
ing demand; Especially high-precision magnetic multi turn encoders, due to their strong environ-
mental adaptability and excellent reliability, have increasing application demands in industries
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with different working environments such as vibration, impact, pollution, and thermal shock. The
magnetic multi coil encoder with modular structure designed and studied in this article is divided
into multiple sub modules including shaft system module, gear set module, circuit module, and pro-
tection module; Select and design main modules such as shaft system module and gear set module
based on given parameters, and calculate and verify the reliability of different modules; In addition,
the structure studied in this design can greatly improve the timeliness of design verification or mass
production through parallel work of different submodules.
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Figure 1. Schematic diagram of the structure of a conventional magnetic multi turn encoder
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Figure 2. Overall structure diagram
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Table 1. Life factor f, value (excerpt)
* 1. HOEY T, EE5%E)

L(h) | " -

ER 4K BT HhA
2500 1.710 1.620
2600 1.730 1.640
2700 1.755 1.660
2800 1.775 1.675
2900 1.795 1.695

VE: L, AU A A .

s

SR AR VS SCR T i 245 1) B e 0 6000 r/min, fHE A A% 10 218 e L, ~ 2777.8h 5 iy
AN LIEECATH,  f, <1775

Table 2. Impact load factor f,
30 mEEAEY A,

BT f,
Torh i R o 1.0~1.2
g ah 1.2~1.8
[EPNLIG 1.8~3.0

e i AT ML AN B b AT, Wik 2 aB O fy <12
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Table 3. Speed factor f, value (excerpt)
%3 R T EC5%E)

i n
%aﬁj B TR
5600 0.181 0.215
5800 0.179 0.213
6000 0.177 0.211
6200 0.175 0.209
6400 0.173 0.207

e on R AR .
CURIAS S SCBETH G 5 2% 10 B 53 6000 r/min, AN 3 /41, f =0.177 .

Table 4. temperature factor f;

F4 RERERL

TAEREE f;
<120 1
125 0.95
150 0.9
175 0.85
200 0.8
225 0.75
250 0.7
300 0.6

DAL IR > KT 85°C, Wi 36 4 vl 0, f; =1,

Table 5. X and Y coefficient table for deep groove ball bearings

5. RIATKGHA X, Y BRER

A St i 1) 8 A FAZ Bl 7K
F F
—2<e —2>e
Fa Fr Fr ¢
izD}
X Y X Y
0.172 2.3 0.19
0.345 1 0 0.56 1.99 0.22
0.689 1.71 0.26
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gk
1.03 1.55 0.28
1.38 1.45 0.3
2.07 131 0.34
3.45 1.15 0.38
5.17 1.04 0.42
6.89 1 0.44
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D, =3.175; HHHT N B3 5 M6l Bl A i EAE . =0.441, HILHIIA X, Y ZH04: X=056, Y
<1.99; #LLELREAAR(T), PR MRS P < 124.4 (N).

¥ RS SN AKG) T FH T A C < 22455 (N);

BEAh, AR OB RS 28 Al K L 5 61900 GBIT 276-2013, & #JA[%1: C, =2700(N).
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Table 6. Safety factor S; value
%6 REEHS, A

SO
A5 FH B SR AN AT 1 SR
BR 7K BTl

X T B RE 5 R P AR B R iy, B B2 9 K 9 v ok 2 A 1.5~2 2.5~4
IEFAEH 0.5~2 1~35

o} e i b B P AR M ELRBAG, A rh 4R 3 0.5~2 1~3

CRIAIE SCIRE T g2 MR R Bk Bl R, iRYE 32 6 ml %, S, <2.
X TRV BRI, A% ) 2 B R e R LA A A
POr = XOFr +Y0Fa (9)

b X AR REG Y, Tl ) 3 R4
P, =F

r

(10)
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Table7. X, and Y, values of radial bearings (excerpt)

7. LR X, R, (i)

Bl A
SR ST
XO YO
15 1) FEfirh 7 TR b 7K 0.6 0.5
POERFRA& a0 0.5 0.22cota

X F ORI ER R, FRIEE 7 AfHI X, =06, Y, =05,

BeAh, EAAIR D s Fr=80, Fa=40; Ll ESHETAAKOQ)HE R P, =68N; W
#AX(10): P, =F =80N, HMm&iLHFEMAMEP, =80N .
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TR T (17 FQREFEE < 350) Sk 5 () P AL 3, WT% B AL A4 m:
m=(0.007 ~ 0.02)a (12)

Arb: a NEMA, drdEH I a =20 JZ[9].
B AT T (A FRAE . > 350) A 5 ) P aA% 50, vl 42 N SAHTE BEAL m:
m = (0.016 ~ 0.0315) & (13)

MR YRR e A ARV [10], An EQRERE = 350 ), IR ICAERE =38, [FIREE LA R,

H AT R & B M A SRR oL, BT I RS FE R PRBROE RIPE R, 5 RS o
PERARRAG . & T R AR S8 W A Py 3Crl3, A IRAEE = 217 [11], AKX (12)
THRATAL: YIEEECN m = 014~0.4; BRI H FIM BUNINIRET JE 2, TA1 PAG6 + 30%A4 4k 1) [ A
FE =101[11], WoiRHEAXQ3)THE AN VIESRECH m=0.32~0.63; £ LTk, HESiep B S~k
BRI 4, ViR EURAE VO L& m=0.32~0.4; IR ZARIEFR RS — 7 SIHEFAE[12], Hil m=0.4
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TE: BT AR BN B AR ST E A S, DA BB S %
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5.3. &% IEERAZ[S]
VDB RS, AIARIE R ISR, R mW e LR S A TR -

d, = Az 1 *Eilsm(mm) (14)
YqOpe U

A A HEREE, %R 8 LR
u NRRALBNEL,  “+” TSRS, -7 RTAMES
K R8T 2 4 BarTAe, IR R I BUE K =1.2;
T /KR SR, Nam
wy NRTE R 15 9 IH
o NVFRIIERN 77, N /mm?;
d, NN ELAR
d, 795 d, TR 0 A kS

KT.
= +1 L < 15
a,=A (uxl)s o a (mm) (15)
b A EREUE, %55 8 AL
v, A TE R EL
a N E LR
a, N5 a EATRAIZI A Xt HAE .
Table8. A and A, values of steel paired gear pairs
7 8. PNITMECKHAREEIR A B0 A, B
12he M B A A,
Hi% =0 483 766
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FhA% p=8~15 476 756
FHkfe p=25~35° 447 709

AR SR TG 5 2% (0 U A0 LR B Ak B AL B M B G HE, A SRR A X (5) A “u+” i
B, URAMRYES 8 WM. A =483, A, =766;
SR L EAT ¢58 gifidas, EahJIM < 3N.em, #4T, <0.03N.m;
VAR ) 0, » MRS T 202 -
Oy =090, (N/mm?) (16)

K oy ARHE AR 55 PR -

Table 9. The value of the tooth width coefficient y, supporting the asymmetric configuration of gears
9. ZEMNERENMMENSER v, B

7% ON:|
BATHrE
—XfE— i <350 HB  WAMECHSE > 350 HB
AR 14 0.9
BTN 115 0.7
58 A Ky, RS AT SRR R A
V4
= 17
Ve 0.5(u+1) )
Table 10. Tooth width coefficient y_ value
®10. AEARHy, @&
0.2
0.25
0.3
0.35
0.4
0.45
0.5
0.6

C 04 ki | I N 3Cr13, HB =217, H 3Cri13 & —Ffh 5 [RIAANHFEN, BT &4, WIEE 3
B AT, WARI T R R 3o ik B o A TR (B A PR AR AT LA B BR): o ~ 650(N/mm2);
¥ oy A ARAE)HH TR oy ~585(N/mm?)

UER AR AR O WA A w, =145 By, WAARAT)TFE AL w, =056 ; FARYER 10 BUEMIA
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Figure 3. The value of o, for modulated steel
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BT AW SR ELE BT, FE3 2 6 REREUEAT T RWESUEHIIR, (EIZ1THE 6000
rimin (5P, EGUERHI 10 (MR, BRI RN R BRI R AL B MBI . RIS
WAL, FLBER RN (5 5 T s B SRR EW T AW R
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B4 25 Y387 M 2 7SR ARSI, D % A O SR AR, B A ™ ST 0
EACPE AR CUT 7 A BESLAO N R, L HE R0 SRS 287 i 6 L 17 5 1 34
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