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Abstract

With the rapid development of mechatronic technology, industrial robots
have been more and more widely used in astrogation, navigation, automobile,
nuclear and other industries where there are poor working conditions, grave
pollution and too much working load. Supported by 985 discipline construction
program, this paper introduces how to design and manufacture a 6 DOF light
industrial robot.

According to the requires of a light robot arm but a relative heavy load, A 6
DOF a vertical joint robot is designed to carry on some specified jobs. The robot
is driven by AC servo-actuators, the RV reducers, harmonic reducers and
synchronous belt are used in different joints according to their character to
transfer motion, and the 13 bit absolute encoders are used for high precision
position detection. Furthermore, such a design with excellent devices can ensure
better motion precision and controllability and simplify robot arm’s structure,
which decreases the mass of robot and distribute the mass reasonably to reduce
the moment of inertia. Then, some static finite element analysis of the light
industrial are conducted using Patran /Nastran. Based on these results, some main
components of the robot are improved. To get a more accurate outcome, flexible
models are introduced to execute vibration experiment. From the experiment data,
we can reach the conclusion that amplitude of vibration of the terminal part of
robots is not too much, which can ensure that carry and assemble job can be
accomplished fluently.

When mechanical design was finished, Denavit-Hartenberg coordinate
systems are setup, based on which the system kinematics model is established.
The inverse kinematics is solved utilizing the geometric and D-H methods, and
the system inverse model based on the tool coordinate system is analyzed further.
Via former work, a three-order polynomial method is discussed preliminarily for
robot’s trace planning.

At last, a robotic system was established using industrial computer, motion
control card, actuator and motors. In the same time, corresponding software was
also completed. Under the premise that friendly human machine interface and
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system safety have be satisfied, functions of initialization, motion control and
status detection were finished. Moreover, the design requirements, which are
provided in the second chapter, are validated too.

Key Words Light, Industrial robot, Finite element analysis (FEA)
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EIAGPBATIT Tk, mpbfFRETL, £ Tkl ERrE
ISP

TS A RHLBAZTH—AEES L. TAHBAREIM. By,
pedl, IENL. ERRNERER, ALEREAHEFELEMEHTART—H
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. NS AERRMBEAEEIIRBAFESZT, KN TREMGHRE L
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AL A —HERELE. WaR. B ARA. FSEBEEERN
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(a) FIRHLEEN (b) WERAHNRA

B 1-1 Tolkalag A

Fig.1-1 Industrial Robot
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B2 TAkHS A ME AL
Fig.1-2 Structure of Industrial Robot
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FILF R A E BB A KBRS F R BERS, HWFANUCE
AELFEISREAR, YASKAWAJRE B G FAREHL, PANASONICE 4
REZLHBRH. SERES, BIREEERTINIEA IS ™
Bofr. HEEISEREHINBABLEEINE, HPERETUMZESH
®ET7926 . EESHVEBANEHBRLEERAR T HNE, AEFHS
B D ERNEROEEBAKFA N LR ANERE. HARETSE
Mgt EEE, TIUMRABRKNNASRARE, 8E2003FEE, BTN
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1-319,
160 L.
140 | —=—u
126 |
100

80 |
80 T

Bl1-3 2003 FEHEN P BT EEART TEMJANSE

Fig1-3 industrial robot amount per 10000 worker in manufacturing in 2003
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A, mE-sM, BB A B EVUENE A A ThAE, AT e E A
PBEAERAELTE, TEEAERE, LEAXEgE kg, FTiFEER
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B 1-657 7 1 Sk iz B8 A KA FL e R VIR sh 2 B, oI AL 8 = (A)
s, EEARTAANEH#HE. BB, B, FRSITE BEERENE
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B1-4 120kg P2 A E1-5 LR A
Fig.1-4 120kg Spot Welding Robot Fig.1-5 Portable Robot



El1-6 bkeiaflag A B1-7 FRIURNLEEA
Fig. 1-6 Gkg Portage Robot Fig. I-7 Light Arc Welding Robot

EUARER A Lt 4 8OSE AR TT SR 75 T B FIARMT B2 (i 2 I T J& DL HLA A O
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F 28 BRET AR ASHEET

2.1 HlE AT EK

RIBATR, ZRAEERTREEEL, KALAMES, BRAES
BRI A T AR AT, RS8R EEA RO R B thgrril
EDEAFRREY T RAVLEAL 15Kg AR THEALTFEE KT
150kg PLL, TMAHBABERERNT 120kg. FFUAABRKARITHEE. R
WETEEE, NIBARAZEEXTER, UXHARAIES. ISAHTE
ISRV, EREERAKRFEEMTHREE. RAH 6 HHESHEREH LR
e ER, BRI\ TfENSANRFERIE 21,

F2-1 Yl AHrBetEK
Table 2-1 The design requirement of robot

2 ¥ A W # 18
FIGBA 15Kg (B8 5 %h 200mm &)
H 1 3 6
IRE 7 E AE I e AR HEL B AL
W77 = gt i B Ak
1 4 BRI E +170°
2 8 AW E +155° , —70°
38 MEEETEE +80° , —210°
4 Bl N ER VL +180°
5§ FRANER +120°
6 4 FHiAEEE +360°
PLBRARITKE A/NF 1000mm
EE T 120Kg

TV ANSBARRCELERR, NABREZ. S TEEXTIYE
A, PUMA. Motoman ¥ A KEVBAFREMH. 08 AFARHRZRER
HE DAL NEMER, &G ENRE 2-1 fix.
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1 EEER, 2 KERE, 3 FEHESR 4 RERE: 5 BRI 6 MBI
Bi2-1 BN 6 PRTHE
Fig. 2-1 The 6 joint positions of robot

2.2 BRI RRIT

RIENBAZARTH THEEEER, RAXE. MEREASHE,
BRI ILE 2-2. KBARZMERBOR, KA TR RHE X ER
AL TRELH, THEMRE, HmELNNRT P E%EEXELRA
M FRESRRDRUA PR 3, HERBHR &M HREXZTRNEREY
et RN EEE R, ANy AWMNAE S, FATHRTMN, EEHm
B T RE MR, R RIEXE RN FIRTR T T IS ARHN
P

PLES A MBI R U TILA M (1D 2RMSSIRERN. BRTR
WAL ANERRSG, R s EAARELS, TEEEBHHIFHEH
FFLEE, RERMEFHRE, DEEmTFEKEs) R, sid ik
2, REEHFEEE. (O RERKER. EHLTEZRERFLT, B
REERALTE R B/ VBEAT Rh, 30RE v LR 8 I B i — 25 MR B B (R &
(3) RIBERH. ZARIEFE R FRELBERAER, 20CEdERAAR
JEHHTAT RGBT, ARG ST HERERRIR T, RESCREREME
RE, AEMEHERAEFEREINONNE, REBRSTHER.
(4 ) THEMERT. A TREBNNTREYE, SETRFHTREEERT R
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P iEtt, BT RHESGTRINELNRNY, EERUREMTHEY,
xR AR RS AT (5) TEHERELN, HTHRARERE. &
LEARER BEMHIMARSR, FUERPEEREFNM IARET Y, ERK
A () (RIS GRAENLAE A ) R 271 RE

“-,ﬁ._. .
Py 2 )
.ud-“'f

B ol Y

22 RN
Fig. 2-2 The 3D structure of robot

H TR AEERITHREES, ITHLEE AR RE AL B S SRR AT
HEAMER, FFLETR4NER LhRTRMETHBGERERRERE
HItERe, PaEERRIE., SEER RV BES. B85 13 LRNEXNHEE
. AT HEWEFRBFERERIZRER, NBEANSPXTHRITHZER
RAETFEA, HREh I E B R RS XTL.

HEHRETHE, ATREEEAUTAATEAF: (D ER EITH
WIS AR EE, M ASERRT: (20 AMB L, BHRE
BONGRBIREME, (3) MENBAEHHTRARN, SEBREEDFRH
FIFLR: (4) XHLBE ARBBATIEZINE HEH R E, MBS EsTieR
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it EEHRGFRNBEEIMOLAFENERYE, X, BN
HMANE, EEMEFRWLRITTEHBEEHEH.

h AL ASA R THIESEBEBAL, AUAR T ERRAL T KRR i
WA DA LERKREBETRERWES. WHRESM RV S,
TELRERSNEFIHEREA, —BRAALREBNGNT ., ERER
KL R EREBRE, SMERTEAD, WEEE R, MEm. AFEsN T
fERET A, ERESRENBMEERLIEIMEEN, KREFRR. HT
M ARFES R F AL E R, XA T R LS AR S R T
RV BEHAFRYEAITHEMAEN. Fak, REF. BOEHA. Kk
B, FRE. RIFEMNERA, GHTENSALER. EREHIBETR
0.8, X TRIFHELKERA, SHNBEREREN. ERRAZEEX,
SMERCHE R . RIS IXE IR SRR A, VLA TS B 1. 2. 3. 4
R RV BUERR, RERERTHNIEREEEE, 550 6 JRTFRmE
HWE, LEBRARHER. BT RV BESKDSEMIHER TENSEA
WA . BRI KRS LR 2-2.

H 22 BAEZDXRAHEH. BREBRORHS

Table 2-2 The motors, reducers and encoders in the robot

XA AL (=)D WRIE R TR

I % SGMAHO4AAA4E | REVAOE, ikt 152 13 bei e B gm0 2%
2 4 SGMGHO09AAA4E | REV40E, WU th 120 13 ELRF T K w545
3 4 SGMAHOBAAA4E | REV20E, wiftk 136 13 teA 4t A gm g a8
4 4 SGMAHOIAAA4E | RV-10C, WLk 120 13 i3 X gm At as
5 %l SGMAHASAAAAE Zgg%%ggfﬁ?za 13 thr izt g 28
6 % SGMAHASAAAAS | EEmRIERR, B 60 13 bLAEFHE T B 2%

T HEARE AR THESAEHNT 360 £, FTLUERENNER
s EAE, sUAERRERA, BTIFEMM.

HALEYERE. RIB TR, L& AERZHEAREIER & X THEEE)
Wek. BIAWRT. &N, ZBLREFMATRAR BB RN, ERH
BIHE TR, BEEET RNEHL. R(ENATUSKHEE. mEEES. TEL
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Hz) R, RTRERE, efR., @ B4, AFE
TR, TR ERENSEARN TSR,

ML A KRB R NE A 15k, FHAES 5 4 200mm, TERIE
LU R LERE, &8 NI MIN 0 LR B 5 WSk
HHENRGEYTRTENHENEE, DR EFHNMES. PEAT
— AR EAT, SRR EMERBEAE, TErEP R
HYMRRENIZBATHIE.

RIEPLA TESRER, EdEMRTHLEBEIPIEANTE
RN 2-3 PR, WREFEANBENAESIRE, BENIEASEIX
WHENEshEENR 2-4 B,

# 23 FIS AP EEE W R

Table 2-3 The main size of the robot

1 #0552 Bhr)mE R & 155.0mm
LS RSN mEERS 209mm
2 TR PR B I R 390mm
2805 3 HhEER 480mm
Iy S HIFE R 560mm

5 S TR ARRER 136.5mm

% 2-4 HIBAFN XV RBR IS EEE

Table 2-4 The maximum rotation speed of each joint

FEAREIE(1 ) 70° /s
NE (2 S 75° /s
ME N Bl 80" /s
/I HEH: (4 %) 120° /s
F TS B 45° /s
F I [El¥E (6 Fh) 160° /s
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WERE, ROBENTHNHDRE, R TETHRERNAELIR. X
YR B R AT TR, ERIERIE. SREMTEZHNERT, BHR
TR E ST & LRk FEABHSAEN KGR,

2.3.1 =35 1 F03%15 2 Rt

A1 FEY 2 HMEBEHIE 2-3 iR, BT RV RERERANRRA
FE, AR AR T T L RSB KhE S, BTBAEXTY 1 Mg
B RV BERNH LS REAAERE, mlEEsR st aE it
55 a5, EHLEREE EamE I b R eT 1 B R E) H R
T RV RO 28 5 A, MMELT &8,

2HILEL KB PIEERE RVAQ AN RVAO i 2%

| ShibH

a4 B R
i B RVA0 A
R
. RN i %
E- I o i 4

B 2-3 X% 1 fIKAT 2 SR
Fig. 2-3 Structure of joint] and joint2

-13-



%ﬂ<@kk¥l¥ﬁﬁ-ﬁ$ﬁiﬁi

o ——

KA BAE LB, WERE T ANME SRR THEL M. X
¥ 2 Wit A T RV B S NI LUK R B R B A B, BR
BRETEEF RV BHEEH L, MR SREEREE, BT E
SRR EE .

2.3.2 k%5 3 fIETT 4 ROEREM

%A 3 MXRY 4 ARV REEH. EEBPXRTFERT C KW
RV WOEES, WESRNBANMRE, THOMAAETEML. BRErH L
5 KR T, RO RS AR E 2 7E 3 B 4 RAEE R b, DA
BRANAAE N M S/ NEES) . KT 3 G IE 2-4 BN,

B 2-4 KF 3 BUEHEH
Fig. 2-4 Structure of Joint3

233 pEREESEERIT

NERIGEIE 2-5 . ATRSFAADMERTAERT, BXW 5 K8
BB NERN, BT —RRASHES. HEREESRBERER, Kt
B 5 IR R RS BN R, RIESME RS EIE R, 5 MBI AUE AR
LB 2-6 Fin. BT EEREEAE RV BRERREELRRHON
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P 2-5 /NEHH
Fig. 2-5 Structure of forearm

flhk  REARET T

2-6 WEEIE R R 5 BRI RELSH

Fig. 2-6 The installation structure of axis 5 and harmonic reducer
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Fig. 2-7 Structure of Joint 6
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3% [ MDI 2 85l 8 U R E 3K F——adams EAAINE. MK
PAEHLERAZSSISARN T 2R, BXTERNMRARGELEBERAT
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#, HHARSESMLFFEN AR, LRl PEFEmLa, B
WATEY -, BEHENEASHTE, Proe BIAKERA 2 inch, WEREEHEAD
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3.2.1 INEDHT

H TR MTRES, HREEAZNSERR, S HTaNEH
PRIT 4. &3h h BB R AR R EE A, RIS VTSR
ELR W B MER von mises 27y (BN A A 3-1 Fraw,
BYUIRY S35 AT fn B 3-2 B om .

¥ 3-1 VBB 437 ] B 3-1 AEBYIR 5 A

Fig.3-1 Distributing of von Fig.3-1 Distributing of shear
mises in the small arm mises in the small arm

P 3-3 Bt s VB RN ) 2 A Bl 3-4 Bt /5 /MBI PR A1 43 A P
Fig.3-3 Distributing of von mises Fig.3-4 Distributing of shear mises
in the redesigned small arm in the redesigned small arm

HE 3-1 ATLUE, KRAERPERS. BT ELMRT SRR
EAMERARAL . BAEN AR 12.3Mpa, BATIVIN S 6.5Mpa.
K TAEN NSRRI, HEDNRKRNAE, BNEERHE—Pot. RiE
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WF: ENEREER ST HE O ZRSIAFROREIGTIR: BT E
MOBEE . BUER M/ NBIERR AT 3-3, 3-4 Biox. WTLLEE], EBIRED
REHAEFHHSER T, TSI MHERH B, SRR IME
KA AMREETNHRBAZNOELL, ABEFHNEDE 678Mpa M
3.46Mpa.

322 KEAH

[FREBWE TR KBER von mises N A E 3-5 Fiom, FN 4
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Fig.3-11 Distributing of von mises Fig.3-12 Distributing of shear mises
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Fig.3-13 Distributing of von mises in the base ~ Fig.3-14 Distributing of shear mises in the base
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Fig.3-15 Distributing of von mises in the base Fig.3-16 Distributing of shear mises in the base
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Fig.3-17 Displacement along x orientation with flexible small arm and rotated
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Fig. 3-19 Oscillation along z orientation with flexible small arm and rotated
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Fig. 4-1 Sketch of the robot’s links coordinate system
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Tab. 4-1 Parameters of the robot’s links coordinate system

KW i Z a, a, d, FATAR R R
1 0° 90° 105 mm 0 mm -170°—170°
2 0° 0° 480 mm 0 mm -155°—70"
3 90° 90° 0 mm 0 mm -70°—210°
4 0° -90° 0 mm 560 mm -180°—180°
5 0° 90° 0 mm 0 mm -115°—115°
6 0" 0° 0 mm 125+190 mm -180°-—180°
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T="4-'A4,°4,° 4, 4, A, (4-1)
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cosB, 0 sin@  a cosb cost), —sinf, 0 a,cost,
o4 = sin6, 0 ~cosf a, sing, , 4, = sin@, cos®, 0 a,sinf,
‘ 0 1 0 0 0 0 1 0
0 0 0 1 0 0 0 1
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:, | sing, 0 —cosb, 0} ,, _|sin6, 0 cosé, O
4= 1 0 o 1o 1 0 4,
0 0 0 1 0 0 0 1
cos8, 0 sinf, 0 cos@, —sinf, 0 0]
‘4, = sinff, 0 —cosf, O ’ 4 = sin@, cos6;, 0 0O
6 1 o0 0 0 0 1 d,
6 0 o0 1 0 0 0 1]
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Fig. 4-2 The solution of the joint 2 of the robot’s system
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Fig. 4-3 The solution of the joint 3 of the robot’s system

AR E T RBHE AN ROAEREFE A, —RELUMAFN
FEES, MOTRAw.
FAMATULER (BE) A6, BTETREBIR.

2 2 2
, P al+r, —d
B ph Pl sing==2, cos¢=-}%, cosff=—"—2—1,

r Y 2:4q,r,

sinfB=Jl-cos* B, sin6, =sing-cosf+cosg-sinf,

s5in@,

cos@, =cos¢-cos f—sing-sinff, 6, =arctan( ) =z, sxw

3. BRI 6, Ik
HTRATFARITE PUMA BB ASEBREH, KBAXW=MXEMHT D-H
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cosd, -cosf, -—cosé,-sinf, siné;
‘R,-°R, =| sin6, -cosd, -sind,-sinf, -cosf, (4-3)
sin 6 cosé, 0
[FlHT,
1, cos6,+t,-5in@, t,-cos8, +t,-sinB, 1,-cosO,+t,-sind,
4‘R5'5R6 = 1 Iy —I5n (4-4)
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t31

t cos 6 t
6, = arctan[ i J » G, =arct 1, 8,= f,!r'(.'ta.vz[—E
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Fig. 5-1 The diagram of the servo system’s structure
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