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Abstract

Dexterous hands are manipulators designed to imitate the complex movements and
functions of the human hand, with a high degree of dexterity and operability. As a key
component of the system's end execution, the structure of the dexterous hand directly affects
the functionality and adaptability of the robot. In the current dexterous hand design, there exists
a common contradiction between dexterity and complexity. Therefore, this design combines
the knowledge and technologies in the fields of machinery, materials, actuation and sensing,
and deeply imitates the structure and grasping mode of human hands to develop a dexterous
hand with compact structure and various grasping modes.

In this thesis, on the basis of the synthesis of different dexterous hand design solutions,
we use rods with gears and worm gears as transmission. By retaining the important degrees of
freedom in the human hand only, we simplify the structure and control of the dexterous hand
and integrate the actuators, sensors and transmission mechanisms inside the fingers or palms,
thereby achieving a high degree of freedom and highly integrated dexterous hand structure
design. In addition, kinematics and statics are used to provide theoretical calculations of the
position and force between the end space and joint space, and dexterous hand grasping and
manipulation experiments are carried out under reasonable electronic components and
operation planning. The main contents completed are as follows:

(1) Summarize the current research progress and technical routes of dexterous hands, and
formulate the design goal and idea of dexterous hand by taking the physiological structure and
movement patterns of human hands as the object of imitation in view of the deficiencies of
dexterous hands with tendon and connecting rod transmission. Design the configuration of the
degrees of freedom of the dexterous hand, the structural appearance of each finger and the
spatial layout between the palm and fingers in detail. Make clear the functional roles and
implementation methods of each module in drive, transmission, and perception.

(2) Based on the structure of each finger of the dexterous hand, the kinematics and statics
methods are used to obtain the transfer relations of motion and force in Cartesian space, joint
space and actuator space, and the Monte Carlo method is used to visualize the workspace of
the dexterous hand, so as to lay a theoretical foundation for design, control and evaluation.
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(3) Build the electrical system of the dexterous hand. While completing the fabrication
and assembly of the mechanical structure, the electronic components are embedded into the
dexterous hand in a reasonable layout. The lower computer is used to achieve closed-loop
control on the position loop and force loop, while the upper computer collects data and issues
the commands by using the serial port, so as to complete the hardware-in-the-loop real-time
control.

(4) In the experiment, the range of motion, payload, stability, grasping and operation
dexterity of the dexterous hand are comprehensively measured. Use the flexion, extension,
adduction and abduction of a single finger and the coordinated movement between fingers to
verify the rich movement abilities of the dexterous hand. Estimate the payload by the maximum
weight that individual fingers and dexterous hand can load. The dexterous hand is allowed to
grasp objects of different shapes, sizes and materials in different functional modes, and
manipulate objects to change their position and posture in the hand, so as to measure the level
of its functionality and dexterous manipulation. Finally, combine the dexterous hand with

robotic arm to test the effectiveness in manipulating tools to complete target tasks.

Keywords: Dexterous robot hand, Structure design, Mechanical-electrical integration,

Grasping planning.
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-60  -50 40 30 20 -10 0 10 20 30 -50 -40 -30 -20 -10 0 10 20
LA e AL e

B 3.5 HNMHLE A ST AR KB ECR
Fh A A P 45 SR T DA SIZ I M X 5l 45 2 8] 31 5 1 28 [RlIs 3h o R R, THEREEE ROk
A, BIAKEHE SRR A S sh 2T At e &, 1 BALSh L& 3, &
PR R B A5 N T B AR A 2R AL =ASFIRM MR8 5 AN F AR TR A&
R iy BEARALL, £ 56 4 PN, = F48 JLF- 40 Re S B A b, RaRE O MRz sh 1 FE Ve LK,
RETW 2 R I F X i sl 2 (8] 1 25K .

3.3 Wk FHEEhE

3.3.1 IEBEIE

RIGFFRUNTF IR PRI AMIZ S 852, HoCH 1. 2 iz
GAEE, TRMZT —a, BT ERRS, i SEIim 55 5615 R s iz s) .
KA 30 4 SEBL P RE TR T AR R S, H 2. 3. 4 KB B AT AT
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fiiR FHRMIE3), ATLAA D-H J5VE7E &N 51 A L A b 5 R R AT 2 18] (R AR
BALERFR, NIIRRT-H 561 S A% B T8 AR  -R/R S MU SR, AR
AR

(D fafbTFHeE5M, ZIEIME D-H AL S A KT AR R, WE 3.6 Fis,
SR G E AR N ) D-H 24

(2) THEH AN T AAAR R AR 5 IR AR AR e R, 4R 3R B 1R A 38 0 SR UH B
HH A i A0S T L AR 2R [R5 0 A1 b A8 6 e

(3) KA AL B AR TR M BRSO R TR, HRIEEs)#RA,

B 3.6 FiRE3hfEERABIRR
AT LAE 2 FH ML D-H 40, W3R 3.1 Fior.
#3.1 RIGFFHD-HBSER

i a;/° a;/mm d;/mm 0,/°
1 0 a; =0 0 0,
2 90 a, 0 0
3 0 as 0 03
4 0 a, 0 0,
Horp, E RIREBLAIT, 0 R KA, & FORMB IR S, 0 R TATEM K,
o KRR

FH R 7 AL AR 52 18] (A2 B Ry «
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cl, —sb,ca; s0,500; a,;ch;

“'A=Rot(z; 1,0;)Trans(z; 1,d;)Trans(z;,a;) Rot (z;,a;) = Vi CTiCG TCSt i

0 sQ; co; d;
0 0 0 1
(3-10)

Hi (3-10) ] RLTHSRLAAS ST AR AR AR (8] (1 55 TR AR AR AR R -

C 0 -8 0
0 ¢ O
04— S1 1

! 0 -1 0 0
0O 0 0 1

_C2 — 89 0 0;202_
0 ass

14— Sg Co 289
2 0 0 1 0
L0 0 0 1

_03 —83 0 0;3(33_
0 ass

24— S3 C3 353
° 0 01 0
L0 0 0 1

_C4 —84 0 0;404_

0 a4s

34— S4 C4 484
! 0 01 0

0 0 0 1 |

C1C234 —C18234 81 (a4 Cozs T A3Co3 1 Qo 02) 1

§1C234 818234 —C1 (a4 Cozs T A3Co3 1 a2 02) S1

8234 C234 0 - (a4 Sg34 1 3823 + @y 32)
0 0 0 1

GA=7AAFA} A= (3-11)

ﬁ EFI , SiZSinei 5 Cizcosei 5 Sij:zg?:n (02—'_0]) s C;; — COS (01—'_0]) s
sjp=sn(0,+0,+0,), cy=cos(0,+0,+806,), i,j,k=1,2,3,4,
H(3-11) AfLARIA H RIG TR R R E T A E (2,y,2) , A -

T = (a4Co31 + asCos + axcy) ey = f1(601,0,05,0,) (3-12)
Y = (asCa31 + a3Ca3 + A22) 51 = f2(61,602,65,0,) (3-13)
2=~ (a45231 + 3523 + a255) = f5(61,65,05,0,) (3-14)
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3.3.2 HEEhEFE

FHRMT 28 0] DIE QR T IRIBRM A ZMA T EB AN RTMAE, Bl
(3-12) . (3-13) 75

0, = arctan% (3-15)
T
A4Co34 + A3Co3 + A2Co = — = g (3-16)
C1 S1
é\
) )
Py — 1 S (3 17)

¥ (3-14) MK (3-16) WIL-F 5N, 552
2

2 2 o
lcos&l—l— i(:03(«93—|-t94) + lcosé’g,: Poy t 2" — a5 a5 — ai (3-18)
Q Qs Qy

2 2&2 asay

mFR 3-12) « R 3-13) o K (3-14) NETFEMO . 02, 05, O, (ALt

2, BWHEMBNR, o1 3. 4 BB E KR, RO A 0s 2t %
i

0, = kb, (3-19)

M (3-18) A LA RN R T 05 [ )5 4

alzcos k05 + aiscos (05 + kO3) + a%cos 9, = L + zzQ;:i; a5 — ai (3-20)
FHEUE 7 2R g R vl AP R O3 M, 2 J5 B (3-14) 75
(as834 + a383)co+ (3834 +azcz +az)so=-2 (3-21)
A A=a483 1t a383, B=ass3+ascs+ay,, C=-z
UESH
Acos+ Bsy; =C (3-22)
RS
0, = arctan ¢ — arctan — (3-23)
++4/A24 B> —(C? B
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= 3-15) . & 3-19) . K (3-20) Fxk (3-23) A LAIHEAS RIS B R IRAE
B NS RTIAE.

3.3.3 WMAERF

FHRBI 18 87 T EE B TR I AR R R U T4 2 A8 R R N3k 7 12 3 [
KM IBIN B R FR, AT LA R TG T4 A7 (8] @ A5 15 77 (8] g [8] () A2 ok R
Ar=x(q), EERPIBXERS, TSR T 59 KM % RN

r=J(q)q (3-24)

Horh, & ORI RRHEE R R, NPT AR R, J (@) AT AR

FHaMLE v RS w 5o HE A%, TR, A:

= Qi (3-25)
w Z;
2 X P, X OR'P,
J, = [ ) ( J} _ [Z (z )} (3-26)

Je, O Pl TR A I AL BRIE SRR T8 AR R IO GL B R AR SEAKR R T IO R
Ny Zi SRR R 2 B R AR R RN, @ RRE A TR

I 22 FA) 24 PR A 4 T LU AR e o B — B i 3 SO RO AE R, P T3 e 0 S A
o MR N AR AL E (2, Y, 2) SROCTF RATHE A RSy, A mT DAAS 3 A Sk
5 RAE LR R A, B

_ Of f; Of Oh

br = 891691+ 802692+ 803603+ 804594
_Obhgy  Of Ok Oh

by = 86, 60, + 30, 60, + 50, 605 + 80, 60, (3-27)
_ Ok . Of Ok Ok

bz = 801601+ 802602+ 803593+ 804594

THEE R R R

0,
z ! (04 Cozq T A3Co3 + a2 02) C1 (* (48234 — A3823 — Q2 32) (&) (* Q48234 — A3 323) C1 (* Ay 3234) ;
0,
Yyl=1a ((14 Coza T A3Co3 1 Qo Cz) S (* Q48234 — (3823 — A2 52) S1 (* Q48234 — A3 323) S (* Qy 5234) 0
z 0 - (04 Co3s 1 G3Co3 + ay 02) - ((14 Cozs + ag 023) ~04C234 .3
0,
(3-28)
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3.4 RISFF/NF

RIGTF-SEI AR YTRE () A SR A R bW R KR -, BER Tk E& 1 8% .
B E FEANRF TR 2 2 KBl /g, DL S ful J o6 NI H8 IR JuHE, A5 2 &R /)54t
BT AR 15 &K 2 R AR
RIGFHE I IRGE M RAC AL E IR IR A % &, Ik a] DA i 2h R 3,
M BE B A BEAS BIAE T 2 [A) R S0 1 B Al o 5 R i 8 S A8 6 - K 2 18] MU ThAR S
HIp
F”-6z=1"-60 (3-29)

He, FONRGFFHaARumZ BN =g s 58, T ONFH AT e 4
AR, O RRFHARMIL T /NI K&, 60 FRTET5 /IR s K& .
FHAE AT B P13 )
sz =J(0)60 (3-30)
BHAAR (329 , 15
T=J"(O)F (3-31)

W ia sl 5 12 AAAEXHE R 2, HERT EE 5% B AR T 2R 0 5 R 2R i s
JRAF R R IHER, R, RIS F-FHARIIE 2R ] AR IRy

T1 —81 (a4 Co34 + a3Co3 + 0o 02) C1 (a4 Co3a t Q3Co3 t+ 0o C2) 0 f
T2 _ C1 (* Q48234 — Q3823 — Q3 32) S1 (‘ Q48234 — Q3823 — Q3 32) - ((14 Coza t a3Co3 + a2 02) fz
T3 C1 (‘ Q48234 — A3 323) S1 (‘ Q48234 — A3 523) - ((14 Cozs 1 a3 023) fy
T4 1 (=4 8234) 81 (— 4 8234) —Q4Ca34 ’
(3-32)

FEFFRAERIEOL T, ATRAE N (3-32) R 5875 Dy H A I vk 1) ) 9 R M4k
T=FL, Jr, 7ORATIHE, FOIREER S, DR RIRm R . K L
WUE SRR R AN, SUa] DU TH SR B R im ik R J1 K/, 2909 N, (Hil T
FRENIBIRE . R S SRR, SCPRRei th ik R /i TN

3.5 RISFIAEZIE

RIGTH) TR ARG SIE IR, 8 R IOV S a5 & 3 (0 B 2 4R
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PP T RIGFEATHARK S Mz sh#H AL, w1 PSR TR AL i
ARG, e TAERE, WEE —DeRAeRRNEIF, JRBEASRIGFLES
(8], LMK S RIS TRl E e SR R & (7]

RIGFAEBAT RIGERARRS, AEEMTER SRR TR L, K, nTRORE K fa
TS H R O RIGF AT TAE 2 6. FIHSRRIITiE, £RTiE
S FEVE I A BENLIE RNV HBENLAR, R AR LR, HaeE SN TIES
] IR, it AT PRS2 R TS 1 T AF 18]

3.5.1 KIBETIEZE

KIHEAPIA LB 0, 0o, GBS R0 DL a4 Pl 6
WO 00, JLEBHRI MBI N0° <0, <45°, -10°<0,<60°,
7E MATLAB il -SRI 6] th s Rz a2, W 3.7 .

: KAt dE !'.ﬂ-"‘.il'lil_ ] ] FAHHE T A9

60

40

Ximm
Zimm

20

20,
100

=
50 -

100

40 20 0 20 40 60 80 100 120 Yimm 0 50 0
Zlmm X/mm

Bl 3.7 RI5F KR LIEZE
MFETAEZ= [ o] DO ER BIHRHEAE X J7 W) b B8 2076 9-17.9720~112.3368mm, Y
7 1] B3E B 76 B H-12.4929~79.2624mm,  Z 75 [l {R132 317 [ J-13.8949~88.0436mm,
Sl AR S I — AN BRI

3.5.2 HRMET(E=IE

R FAR SO . 020 05, HZEIEA KRR IHE S04 f5 5T LL iz
B AME— T E SRRIE TR AL AR R TR B . BROHRSL, RIGTHRIFRHIZH —
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L DEdRAG, HEAESRTEsEE g 0% <0, <20°, 0°<6,<90°,
0°<60;<60°. 7£ MATLAB r Jl 52 i 7 L2 tH R AR (K@ 2 23 1) n &) 3.8 fir

8o

PO AR AR 4 T AR =)

Z/mm

K 3.8 RIGFIUHE TIEZSHE
A O B8 7E X 710 ERE S EHE N-18.7313~103.0914 mm, Y J5 1] Kz 5
Y [ }-6.1469~34.7927mm, Z J5 A HIEZNTEE MY 1.4701~91.257 Imm.

3.5.3 BiAEI{E=IE

I B4R AR (A B R A T AL RE R T A5 b e . e & dR . MR TR
8], DUFEAE A B ESE AR R, RIS sh E AT FTIX ). N T R EEAS T8 K
FER—AbR R RN BRAS, DAFFER LI E— rUN R, @ SRR AL bR 252,
HI A TR AR R 5 AR ARAR R NI FF IR ALARAZ R R, 7T LOREAS I 1 T Fa 2 A b R
(R AR () # A B BUAAR AR 2R R, ISR A F48 (B P RS sl R . DU %
FEbR S AR AR R A AR G B BT, ORI A B4 S P E 2 —
SEMIIA, N T ARRIPE TR AR AR BB R, £ SolidWorks HI 5T B2 HY KRR 2
RATABDR R T A bRl S AL R A B, R TR BRI AR R T, SBALH
BARSEAEPAERSR, WAl SRR DT TEERg A
PABPRR T, BP0 AR K 3.9 fis.

A DL B fiE sl o RO, HEDAR S ) 5 HR VYR AA MAZ B X3,
RINUIEH TG IRR, FBaIPASME T, Bk, AT IE A A D
RIZENERIHEIE R S AR TG RMAL, B AR XS 285, 7ESEHL Il A2
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BOEAE . AR 150 TR S IR SR, #RER I RE R 123 RE 1 A0

MNAT
RTGF B kiEE 50

® PR
®  EHE
dig
i
AR
150 iBEiE
£
E 100
N
50
200
50 150
0 100
-50 100 50
Y/mm ) X/mm

3.9 RGP/
3.6 ARG

AREAE R TG T B AOEAL ., MBS 22 M 22 i B kAT 7 ik S it
B, BTSN T BT N 1 2L S T B s o &R, tadriE D-H J5 7k 5
FARMIEE AR, RIBUE AR RIS PR sl A e g, A w] LS 2
RIGFAEE R IR R AR fa R A5 KA AR R . A8 s) i B IR LA
£, AZEFFREINETIM RIS TR TR, RIEAD TR BT e s
o BbAh, FRELh IR R HE T Fa IS P00 A%, 3 i A A n] PO s HE U
TIRSRTAS IR R A, DR Beih S P B BB R A, R S0iE e it ) & 2
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F4E ROLFHIERS
41 318

RIGFRGEEEN . BEAKPLE — RS, HIEE TAEAE R W 1%
ML AL BN TR F A AR RGP ARG S o Hedr, MUBR G EMARL Hii& AL
FRRECEIATT, BRSNS ik & BT A SE e B AR G 32 DA R RT3 R 35
A S Eh Ok, IR EATHLIE S, ARR DU R EI R R8s, s
BRI FIEAAESS

4.2 MW ARGHEE

RIGFH ARG TG 8 LT EEAR, S F AR 3D 3T EIH R
B EMBHERE b, M52l m R Ml . A R R R R, F S A E AL
A (SLA) filff; ML RE R . WITELE Rt i i e Je kbR, Ak
FIEROEEESS (SLS) BORMIER 2. e MBRFeiniT th TAEUN, 3D 3T BV AN 58 5
AEUABIEDR, DM E SRR ECE . 200, T RGP RN, B
2 A% B B HEAT 5 £ 22 RIS UEAAAR ) S Ati_E, AR BETH 58 R T FREHLI B4,
FE B A3 A N SIS s A g A% 3

4.2.1 RITFFHEEE

RIGFPARBE IR PEE . ERE . WA ST 4Lk, 4%
IS, %A T b ) P TR R A D3R o Dy 17 A SIS 0 ) [5]  F [0 R il ke 4 e ) B 4
73, R RE T8 P s AT A F BAE T B FL vt N I AC & L AL R) B AT B B PR AT [
BHEE, T A S PREIAERC; HAR MLt R BREC &, SCBLAL. B BEBIRAR

AT e B B S T L ST TR REAT — (Rl 3l D A BoRE A S ANAT R it
BB, AESLHFAS A A E 8, HERSMUSL S # B EC &, PRUEAT PR S 1R T (e
RIS FIS B AR dEAh, R B AL 22 R BT 4R NS, Oy 1B R ALY
B AR R, EALNERIE UV R, LSRR S] o 7 2R [ € 4 %
ANEEEE, AR RIS F RS TE, Wk 4.1 fos.

33



LR SEAR A LR S (B P NTLAR RI5F Bt 5

B 4.1 RGFESMLFHRIDE

4.2.2 RIFFKBIERE

RIGF RIS LR TR EAMAEH, AL B 5 DA AR T R
B SEUHIXCE SO IR ) A% 3l 7 3 KRR U H2 3 i AL 2 A RO |,
bl 5 R R BB, 5 WE A 0 1A R TR R BC A B (K 5 U S A SR R, A
ik AL BE e 77 S R e 2, SEOURIRE RIRR & e gzl .t AL, 2 ade e 2t
SR NS TR A B 545 70 Dy A 0 ) 3 7 (S 2R P 2B E 5 B (R KRR 8] 4.2 s

A 4.2 RIZFRBELYE
N T SEB ORI AN A4 DU 8 AR ity 5 WA ) S Pk A, () B 388 0 5 4 o R THD P R 4 T
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FEAR 51T i — )= Ecoflex 00-30 i, HAl{EdfEinlEl 4.3 frox, RKEERA%Z 1A: 1B
MEERAPIRS RS, B e, RHEMGEN LR 2 5 mim 5 & AR
H s R By, SR AR SR N [IAL 4 /N, A 2SR W00 AR S 5 T

Ecoflex 1A: 1B

______________

BE N RE

i A5

Bl 4.3 BERCR M TR

423 FELHRE

RIGFH)FERGNFRIINEEH, T2 B E STy E, K3
SHURE 8] RN 52 o AT A, FHMEREsh ML S RIS A AR
VUSRH R SCTARE, 59— I 5 AEHLAHIE, FENLIE B BOR 2 [ e B F 2 W . ks, U
R R s A 5T i O S LRI e A T F b, R HLREDE 1 5 5 2RO HLIY
3 B IR 22 [ 5 , s 1 EL i v O ) B )y o 0 RN SRS 000 1 HBOHR 22 ] s 7 — e
N T K RIGF 2054 URSe HUWE b, FEIESREEE 2 AR e, ek
LA PINUE R 2 50mm ELAE 7 A f D0 A 58 L

4.2.4 BFERRE

RIGFHFE, BHEMHRFRILFEAR, F5E 5080 —00H S0 L S
PR (R ALIE 52, — 00 P B 2 2 ) S TR A DT SR LR, e N BB DA DU i
FEHUE AT B SEIARE 5 T 52— e BRI I8 T 55 T8 ) W) A 5 5G5S I,
S FG S AR A B H B IS 3 1 i 1) 1EAE T sk, MBI B2 DG S e by
B 5 B0 B AL BRI A, IS S0 LU RS Ak, BRI DUAT LA SEEL . R
TR AR BB BOR ] 4.4 TR .
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B 4.4 RIGFBAKELYE

4.3 BT RGHEE

RIGFHHBF R FEhiEm K5). AARCLAGEE . IR L, S
FEUATL RS B T sl o AEATLE 2% A B2 sl o A R A TR 8 S B 0] DT e
RIRBE . R REE N Fa I e 77 R i LA R I3 A7 B AN J PR i S P2 ] . FEAR 1
it L Arduino Mega 2560 PRO JhF:4%, ALK ESE S Fkes BAHL, Bl BAyiAL
HHITE 2, Hth PWM (5 S4% 16 45 SR h &k 3l AL B BB AE RO A B, Be ik
RIGF DU R A7 28 52 SO PR BRI B, AN L R G0 SR HEL I G K] 4.5

FSRi# i wHE R
R RS RS
=~z
ZMEEE
LTS ﬂ
93
g0 Analog Read
PCLizl |e—s
' Arduino Mega 2560 ([ /O PWM
==
ll AR
o
| s | AL
e
YIRS

B4.5 BTRGFEERK
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4.3.1 EEP/ ARG

RIGF- Y5l 28 G BT e (1 XE B2 AE AR H /MRS 22 (8] o SEBl ey H i, RIS
A At e AEAHUNFENLAIERY B, — 7 B e S R T ESR, AN
GRS ZRE P, RYTIUEU a8 18] <19 1 i #h 12 3h L £6Jk B 6mm =
O AL, FE AR O i iz 33 Maxon REL0 fr] kA7 2 Jsidk b, ikt i %
S i IS BN £ 1218-N20 B s AL, MFRIZZhEFE KST X06 A fEhl. %4>
HNLREAS R 4.1,
R 4.1 HEBHLATHER

B 1 B 2 Bl 3 REHL

BE ZWPD006006-700 1218-N20 RE10 273119 KST X06

SMEIRS (mm) 6 12 10 20%7*16.6
BEHE (rpm) 46 8 40 50
BEHE (mN > m) 17.65 30.89 119.04 40
IR L 699.55 1030 256 \
B (mm) 21.05 33 45 \

FERLE Kb 52 BE B (PWMD 55, XFES 5 &R PES AR, Hbk
JERT AR, HE S AN RS A MR E L, AR R Bblis s, il
NIRRT RIS AL . AL RIS S I SR s L e, IR E REHE, R
JE At R Ay, WA B A B RO . R, RSB AR IR (1 PWM {5
5, BREILH R B A AL E . — ROk, ALY PWM {55453 50HzZ,
H 20ms F ), FHigE: f R T AE-60260S 24 B P kP 7E 1.0ms~2.0ms 2 a]is, #E
AU AT LA I @ 31 A ) £ £ T

PRI 75 22 IR FELALOR Bl H e s | LR R iy ), AR ievh v Y L9120 Biduxs 9 A
FALSEELOR S, TR T PWM 15 545610 H BRIRzh . L9110 #54mA
(¥ PWM {5 S HONAH N R iE 5, ATLLIAEE PWM 55 G2 tk,  BR% TR
S 15 F SR Rl LML IR SR FE AN 7 1) o Bk 7 RV, L9110 7R ZEH AN 51 INAL INB
PEHI—AN AL, 2 INAL INB [FIB SR HECER, AL R s e, LRl
%5 INA VR HSE. INBOIRHSFIT, HALIER:: INASHMRHSE. INB Jyi f P,
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HLRES. EAATTLA T EC L B AR TR = S TR BB, (96K

L e SRR A SN R TR AR DRt 7 I A P 1 1 38 S L P ER 1
432 tEBBARZRT

T\ AR T RE A R I TR 25 B3R, R RA L B 2R R
J3o TEARVCTIH,  FHERE ff P AL A AN gm Al 25 D B OC T3 £, FSR ISR 4% Ik il
BORIFEIR T

B BT T I S A B P 2R Al, Aot ik A SVO1AT03AEAOIROO Jighs
1 P SRR I B DU 30 S 18 T O 755 M KRG gl 5 515 T v ) e F 2, DU 4 Oy
V) P A R 5% 110 ] A AT 2 9 T F AL S B0 g AR okt ) 4 o 5 0

SEBR b, RGP AR — ARV AR, R PR S B e R A T
PRAAR, PRI, A o L AR ADL B e A T R AR R R AR, A RUiERL A
JEN 0~333.3°, LRAEJEN 2%, (ERAENT, K IEs B AL AR [ E AR 455 £, DB
PUBALREE T 5 e N Y — B D AR RS, A R TR A
RS TR, S B AR B 00 - B AR e RIRE I A B, DT &2 HE DG Ak i %
F, LIRS RN 4.6 TR

Rotor

Wiper

Resistive Element #1 Terminal

Bl 4.6 Heifu AR S SR E
VU 5 35 5% 5 Ak e FEAT L il S 0 e 3 650 8 P D00 rEL LA, ) 2
H AL B PIAR KRS S 18145 Q0 T e AL %2, DRI LA T2 N S 0 I 74 it ik v R A A1
SRR JE D% &, AT DU LA B 5 ). b 2 i 2 HE AR 15 B I B
RAMFEH, Bonl A B ENLRTE, 12ZE i SR ah M e, Al EEAE I 3 b X A
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Sr. F4SREVEH 0 A AR SR Arduino Tk IS L, B IS BHEEIHCTS I
b WEFEERL, MR A BT SRR, SRR, T e
BSOS RPN 5 ALK, FUFTI Bh 8 RGBSR 0 R,
T LA LI AT 85

AL FRi 1) RP-C st PR 8 R S D B P 0 8, 05
%9 0-2kg, 20g WHARK, R ML AHURIER LS HORBEUNL. & S bPRRgLKAUR
HBUH A, TUZ R TR S & 7 EIIEHUR, 2 MR
TE LI kB, P TN & K PRI SR BRI, G
BT 02 2B TR R UZ SI8, 30 1AL A0 SR H L B I X LI
RTINS, S IUREER 5% 300 TRV . 2 I 79 BB A A
UL P (00050 T P HO L, 5 5 TR SR A 015 5 BT
SRS S A BB (Ro— (=3 )R ) RERT DA JE 5t H FEE— 5 B
CRESPRMNETESS SN MR SIS (] S IE S

AR A SR IOEE, B M AE R TIT R4,
BARER AL, RUCEEIR T EIT TR OMIRIL, 45T (28 S
SR PYR, R ERERE S, TS MRS, i (AT
R SNSRI B L SRR I 47 R . 9T @2
BRI S LSRR TR (BT, 0070 AU
I L SN NSRRI, 555 TR ORI R A s
AL 5 PR I P B, SERA AR FE R® = 0.95 , (381Kl 4.8 (A HiKEIE
k.

A BAs
e BPET :; A
coflex ;(\ CFSR O Gzes
D#4 B | ,— ZE
P E#A%
I______'_____l F &5/ . C L[{_ﬁﬁmﬁ
HBE BB — ! ~ & o
1

Z

//' \lll/_ LR RS EA
| - un

ZHAET A I 77 A R

B 4.7 BEEERSSHFE SRR E
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R = 19446F 0663

& 7y it

‘o 5 10 15
3 T FN
/ﬁﬁ}iﬁ%%% MRIK (B IK ) BN 8K &

1
e 0.0349 + 0.1321

Bl 4. 8 IS 7y A% A A s A A 2k il 4%

4.3.3 FHIBRGRIT
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