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Link Acceleration

Example: For the planar 2 DOF RR robotic arm, calculate the
acceleration of each link and that of the end-effector as a
function of the joint accelerations?
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Link Acceleration

If joint (i + 1) is a revolute joint :
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Another approach: (You can use this to double check!)
From the Jacobian Lecture:
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(L1S1 + L;517) —L2512
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Link Acceleration

Example: For the planar 2 DOF RR robotic arm, calculate the
acceleration of each link and that of the end-effector as a
function of the joint accelerations? Use vector notations.

Qu

2
] C_il + C_()l X FZ/l + 51 X (51 X FZ/I) + 251 X (62/1)

+ (52/1),0,2

xXyz

d, = g X 7_")2/1 — (w1)? F2/1
dy = ark X (Lycyi + Lys1]) — (w1)?(Lycyi + Lysif)
C_iz =aiLic) —ay L0 — (w1)2L1C1i — (w1)2L1S1f

dy = —(a1L181 + (w1)?Lic)i + (a1 Lic; — (w1)?L151)f
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dy = —(a1L1s; + (w1)?Lic)i + (a1 Lic; — (w1)?L154)]f

> > - - 2 >
d3 = dp + 0y X T3/5 — (W3)* 757

Qu

3

—(a1Ly51 + (01)?Lyc)t + (g Licy — (w1)2Ly51)]
+ ayk X (Lyciol + Lysiof) — (@2)*(Lycyal + LySiaf)

ds
= —(a1L151 + (w1)?Lycy)i + (@1L1¢1 — (W1)%L151)]
+ ayL,C12] — apLlyS150 — (w2)2L2C1zl — (w2)2L2512]

Qu

3

—(a1Lys1 + ayLy515 + (W1)%L1cq + (W3)%Lycq0)i
+ (a1L1¢q + azLlyciy — (01)%Lys1 — (w2)?LySq5)]
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—(a1Ly5y + ayLy815 + (01)?Licy + (w3)?Lycqn)i
+ (a1Lycy + ayLlyciy — (01)?Lysy — (w2)%Lysq2)f

Qu

3

Substitute for : w1 = 91 , Wo = 91 + 92 , X1 = él , Ay = él + éz
ds
. . . ) . .12 R
= — (01L1$1 + (91 + 02)L2512 + (91) L1C1 + (91 + 02) LZCIZ)I'
+ (élLlcl + (01 + éz)LzClz - (9.1)2L1$1 — (91 + gz)szslz)j
ds
. . . ) ) .o . .
= — (91[:151 + 81[42512 + 92[42512 + (61) L]_Cl + (61) L2C12 + 2(9192)L2C12 + (92)2L2C12)l
+ (é1L1C1 +01Ly¢15 + 63Loc15 — (91)2L1S1 - (91)2L2512 —2(616,)Lys1, — (92)2L2512)f

-

as
= - (51(L151 + Ly515) + ;L8515 + (91)2@101 + Lyc1y) + 2(616;)Locop + (92)2L2C12)i

+ (él(L1C1 + Lyc1z) + O5L5¢15 — (91)2(L151 + Ly512) — 2(9192)L2312 - (92)2L2512)f
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d3

= - (é1(L151 + Ly813) + 6;L,51, + (91)2(L101 + Lyc1z) + 2(616;)Locop + (92)2L2C12)i
+ (é1(L1C1 + Lycyz) + 0315005 — (91)2(L151 + Lys17) — 2(6’.1‘9.2)112512 - (92)2L2512)f

(az)xl + (as)yj
. . .2 .o .2 R
= — (01(L151 + LyS15) + 605L581, + (91) (Licqy + Laycyp) + 2(9192)L2C12 + (92) L2C12) L

+ (él(lqcl + Lyc1a) + O3L5c15 — (91)2(L151 + Ly513) — 2(é192)L2312 - (92)2L2512)f

(az)y = — (91(14151 + LyS12) + O5L5515 + (91)2(14101 + Lyc1p) + 2(9192)L2C12 + (92)2L2012)
(az), = 0, (Lycy + Lycyy) + 0315015 — (91)2(L151 + LyS12) — 2(9192)L2512 — (92)2L2512

In matrix form:

. . .2 .. .2
(a3)x] _ [_91(L1S1 + Ly513) — 02L5815 — (61) (L1cy + Laciz) — 2(6162)Lyc1z — (62) Ly

- . . ) .. )
(as)y 01(L1cy + Laciz) + 62L5015 — (61) (Lysy + Lys12) — 2(6162)Las12 — (62) Lasio
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. .. .2 .. )
01(Licy + Lycip) + 03L5cq5 — (91) (L1s1 + Lps1p) — 2(‘91‘92)Lz~'912 — (92) L;s17

(as)x]

(as)y

_ [(Lisy + Lasip)  —Lpsip [é1] [—(L1C1+ch1z) —ch12] (91)
| (L1 + Lacip)  Lacyy —(L151 + Lys12)  —Lysyy (6, )

(—2Lyc12] 15 4
* -—2L2512] [0102]
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Link Acceleration

For more details on this subject, please see:

- Introduction to Robotics: Mechanics and Control, by John J. Craig,
3rd Edition, Addison-Wesley Publishing Company, 2003.
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