FCU ePaper

£ KB RFRE cPaper

Mokt £ BF L e bh J6 B F 4 54

Design of wrist mechanism of robot manipulator
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Abstract

The original design of J6 transmission system is light and small,
but the price is high and not reliable. Instead of harmonic drive, this
project uses planetary gear reducer to replace it. Although its size is
larger, but the cost is much lower and more reliable. This report first
assumes the weight of the steel plate and use it as the design goal to
achieve. During the design process, a computer software 1s used to
draw the preliminary design drawings. Then location of the clamped
steel plate is used to calculate the forces, and the parts are selected
based on the calculation results. The planetary gear reducer is key of
the design. First is to decide the number of teeth and modulus, and
check whether the number of teeth and the modulus is appropriate by
calculating the bending stress and bending strength of the gears.
Secondly, the size of the shaft diameters are determined using fatigue
failure theory. Thirdly, proper bearings are selected according to life
required. Finally, detailed engineering drawings, including an
assembly drawing, are completed. In the future, if the price and high-
speed ratio of a robotic arm are major concerns, a two-stage planetary

gear reducer can be considered using similar design process.

Keyword : J6 system - robot arm - Mechanical Design
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P. XK, XKy 0.072x0.8x1.0
= 1.56

EFFXAFEAR 15 mn
4 %418 Kw=297 >WF OK!

%4

P, = P. X K,, X K, X Ky,
= 0.072 X 2.97 X 0.8 x 1.0 = 0.171 kw

_ P _ 0471
k=pt=22-305> k,=1.6  OK!
(P, : AF s x k1 talkc]
11 BERREEA RS

ePaper(2022 4F)



P T T e Jo (HEh At

Z, =15
2-3 7 & & Bk Sy
Z. =63

7E S PpiF R

f‘?)}rfe}ir /}E\Wfﬁﬁf#_'ﬁy"&lf;/ﬁ\wfg ’ I‘Z ﬁﬁ
Ik oY L B S

10 BEdRis 1 Z, = Zot 27,

P . s . ZatZ 5
2.F R EIER I =k

N

iR FiER L (Zy+2) < (Zgt Zy) - Sln@

(1) Z,=15+2x%x24 =63

(15+63)%x90
180

(2) =39

(3) (15+2) < (15 + 24) - smﬁ =17 < 39

~HB&K(Z,) 15
i &(Zy) 24
m&w(Z,) 60

2-4 % it F
B &N, 15 #
7R EEHNG 24 #
P& i 60
ik 0.9(4345 % 16~ 17 F #ri% 5 @ )

THBSREEE 2, 0.9 %15 =135 mm
FROHEFE () 09 x24=21.6 mm

N, 24

i (my) T=-""=16
e 9 N, 15
#HrgEk) 0 m

FoAs FREHBA KT

12 B RERER A iyt ePaper(2022 £F)



P T T e Jo (HEh At

£ (CR) :

BAAREREAHBAS S E

7 & & By T [Fl e Zi(rag) :0.5(24+4+2)x09=117 mm

= [E e Tl e Zi(rap) :0.5(154+2)x09=765 mm

7 & & 85 28 f] e Zf‘_(rbg) $0.5%x24x09xcos20°=10.14 mm
< s A R ehE 2 (1) £ 0.5 X 15 X 0.9 X cos20° = 6.34 mm
# s gE(C) 1 0.5 X (N, + Ny) Xxm

C=05x(15+24) x 09 =17.55 mm

B RE R (LC) t \1gp? — 1pp? + \[Tag? — 1pg? — Csin20°

LC = /7.65% — 6.34 + v/ 11.72 — 10.142 — 17.555in20° = 4.11
A% (pp) t X 0.9 X cos20° = 2.66

#7 (CR) : % =4 _ 455

2.66

BB iR A WS A SRR 38T R R

shhs %[seap\/(l X zN_x)Z — cos ¢ — invg - 7| + 0.5

N
] _ -
15T : 2 |sec 20°\/(1 + i) — €05 20° — inp20° — 228820 4 h5 - 168
b4 15 15
1
] _ -
94T : 2 |sec 20°\/(1 + i) — €05 20° — inp20° — X204 55 — 2383
T 24 24
B 2

B E(S,)  mcos¢[n(k—0.5) + Ninvg| + 2xmsing

15T : 0.9 X cos 20°] m(1— 0.5) + 15inv20°] + 2 X 0 X 0.9 X sin20° = 1.52
24T © 0.9 X cos 20°[ m(0 — 0.5) + 24inv20°] + 2 X 0 X 0.9 X s5in20° = 4.29

LB W £ F (Fogmp) 1 2x 3 (1472 7

Ng+Ny,
—2><1(1+ 15 )
N 2 15+24fl’

S fogmy = 1384 fi (AB &l B SHBEHHE &KL BERES 1,384 =)

2
1 R £ A (Fpgmy) 2 x50 31— (22) s

13 B RERER A iyt ePaper(2022 £F)



P T T e Jo (HEh At

L 15+ 24 11

T 15+z4 }f‘

= fogms = 0985 f; (*H&thig- Bl FLEHE R KL BEERES 0,985 %)
£3(T) :

T=127x1=127 N—-m =1270N —mm

rRA (W) :

2T 2 x 1270
W, = = =188.15 N

2x(mx&) 2x(09><175)

B % & A B : HRC54
B R (See) P 310MPa
B F 5 B (Sye) f 1205MPa

Bl o~ B258d ~ 2fw R

PR

PR 1A R D Gl AELT P AR IR 4]

X & 15T = ] =0.220 75 & 24T | = 0.246

B E(Ko) T ol ~ SR R e 1 AR
=Ko = 1.0 (4= & 7))

B4 i A(K,) | [FEEB (e i et R i)

B = 0.25(12 — 10)%667 = 0.397
A =50 + 56(1.0-0. 397)=83. 768

! = 0.297 il
X — = J—
1000 60 s

vy = mdyn, = m X 13.5 X 420 X

14 HEFF KL H7 25 cPaper(2022 4F)



P T T e Jo (HEh At

0.397
‘- 83.768 + /200 x 0.297
v 83.768

= K, = 1.035

foar s md(Ky) 1.0 + Cre(Cpp X Com + Cing X C)
BB AT E R LA L > B E M AT A0
= K,, =1.164

B GH(Cre) (B2 F T & 2 & AL o)
= Cpe = 1.0 (& 7R A))

T g ) R (Cp) ¢ 1;;(1 —0.0375+4.92x 1073 xb (2% b=12)

12
" 10 x 13.5
= C,y = 0.11

—0.03754+4.92 x 1073 x 12

J#E I B E(Cpy) (RIS BRI %)
= Cpm =1

i S 4R 48 (Chpy)  A+BXb+cXxb?

(d 2 Fpenz =02 > fralde i i3 B R )

He22PFN A=00675 B=504x10"% (C=-1435%x10"7
Cma = 0.0675 + 5.04 X 107 x b + —1.435 x 1077 X b?

= Cpa = 0.0680

W EHIER D E(C,)
>C, =08 (FEH)
Wik B R GH(Kp)
S Ky =10 (&% F i)

Ko 1.0 K, 1.164
K, 1.035 K, i
AR X A A

$led amtE v (s 2T B AP MR LT

| R D (0y) 1L KoK K Kp (%5 B~ )

15 B RERER A iyt ePaper(2022 £F)



P T T e Jo (HEh At

_ 188.15
T 0.9x%x12x%0.22
= 0, = 99.432 MPa

X 1x1.035x1.164 x 1.0

XS BOTRE A (0,) T —& o KoKyKmKp (F 5 #ig & »)

_ 118.15
T 0.9 %x 12 x 0.246
= ¢, = 85.346 MPa

X 1x1.035x1.164 x 1.0

HEF P 3R (S,,)  —N o < Sh

Ng KTKR

*or A G e R HAL R B B A > T 2 R
HEFFEY %R (Se) 310 MPa
B R Ga(Kp) © 1.0 (0°~120°)
4R GH(Ky) 1.0 (99%)
% & &(h) 10000 b (i 4 24h E#)
N = 10000 x 60 x 420 = 2.52 x 108
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