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Derivation of Real Values from Imaginary Roots by Altering Prescribed
Positions in the Precision Point Synthesis of Mechanisms

Tae Young Lee*, Jae Kyung Shim**, and Jae Kil Lee*

ABSTRACT

In the precision point synthesis of mechanisms, it is usually required to solve a system of polynomial equations.
With the aid of efficient algorithms such as elimination, it is possible to obtain all the solutions of the equations in the

complex domain. But among these solutions only real values can be used for real mechanisms, while imaginary ones are
liable to be discarded. In this article, a method is presented, which leads the imaginary solutions to real domain

permitting slight alteration of prescribed positions and eventually increases the number of feasible mechanisms

satisfying the desired motion approximately. Two synthesis problems of planar 4-bar path generation and spatial 7-bar

motion generation are given to verify the proposed method.

Key Words : Precision point synthesis (732 $/3 %), Prescribed position (X173 9] X)), Path generation (3 Z434),
Motion generation (%5 48 4d), Continuation method(2 %), Elimination method (&7 %)
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Fig. 2 Prescribed positions for four-bar mechanism.

Table 1 All solutions of the four-bar mechanism (36 sols. in the complex domain).

Sols. Zs Z, Zoy Z,,
1 0.3707 0.0222 0.0892 0.1295

2 3.3661 1.9572 0.0564 0.5650

3 0.9320 -0.4017 -102.475 -66.9663

4 1.0570 -0.4547 -1.7716 -3.7060

5 0.9182 -0.5060 15.8696 3.7999

6 0.6640 -0.5790 0.6576 -0.5800

7.8 0.2626+0.1763i -0.510610.0385¢ 0.3643+0.3776i -0.0426+0.1231:

9,10 0.1712120.0389/ -0.0235+0.0209i 0.0606u0.0165¢ 0.04281u0.0134¢
11,12 -0.5667+0.0745i -0.733210.0931i 0.483210.2468i -0.3692+0.6306i
13,14 -0.6890+0.0826i -0.789310.1270¢ 0.1655+0.2680i -0.577410.4410i
15,16 0.1236+0.58691 -0.6239+0.3382( 0.3862+0.0415¢ -0.6552+0.1019i
17,18 0.08530.2562i -0.6154+0.0368i 0.3013+0.0228i -0.6389+0.0025/
19,20 -0.0457+0.3005i -0.7382+0.0484i 0.3279+0.0413i -0.6515+0.0014¢
21,22 -0.4390u0.0360:¢ -0.8044+0.0449; 0.154710.0413i -0.5506+0.0277i
23,24 -0.4809+0.1216/ -0.8100pu0.0357i 0.1507+0.1076i -0.557310.0908i
25,26 -0.8756+0.1678i -0.7781n0.1587i 0.0377+0.3259¢ -0.604910.4500i
27,28 -0.5981+0.2286 -0.840110.0794i 0.1706+0.2384i -0.6127n0.2249i
29,30 -0.8837+0.1742i -0.781810.1834; 0.0598+0.3384i -0.65760.4855i
31,32 -0.9372+0.0680i -0.719410.2770; 0.39040.3006¢ -0.4016+0.7206i
33,34 0.2860u0.3112i 0.3276+0.2762i -0.09931:0.0862i 0.09721:0.0939i
35,36 -0.7075u0.1471i 0.1168p0.4752i 0.1326+0.3400¢ -0.4145+0.2953i

Table 2 The real values derived from imaginary solutions and altered values for each position.

The altered values of prescribed positions (x10°%)
Sols. Zix Z,, Zs Zyy

AX,  AX, AX, AX, AXs AY, AY, AY; AY, AY,
7 0.3380  -0.4330 0.4981  0.1340 2 2 -2 2 -2 2 2 2 -2 2
9 0.3255 0.2308 0.0468 0.1501 0 -40 15 -5 10 20 30 -15 -15 5
11 -0.8173  -0.8825 04117 -09139 -25 -15 0 45 -45 45 35 -10 -45 -5
13 -0.8824 -0.7116  0.0740  -0.6001 -35 ~11 49 49 -49 -6 -26 49 -26 -49
15 0.2193 -0.4848 0.3850  -0.1559 -9 10 -10 0 -5 10 -10 5 0 0
17 0.5824 -0.6089  0.5828 -0.6087 -10 15 -30 -15 0 5 0 20 10 -35
19 0.4237 -0.6476  0.4888  -0.6309 5 -5 15 -15 15 -15 S 5 15 -15
21 -0.4184  -0.8625 0.2688  -0.6843 45 -45 -45 45 -45 -30 45 -45 10 -45
23 -0.8325 -0.8399 -0.0342 -0.5008 45 -45 45 -35 -45 45 45 -30 30 -45
25 -0.8889 -0.8069 -0.0823 -0.4132 45 -45 25 -10 -20 45 45 -15 -25 -45
27 -0.8223  -0.8341 0.8021 -1.6613 -10 -25 20 45 -40 40 40 -20 -40 -30
29 -0.9722 -0.9270 04219 -0.8182 45 -15 20 45 -45 35 25 -10 -40 10
31 -0.9146 -0.7768 -0.2415 -0.1878 45 -45 35 15 -20 35 35 -15 -25 =25
33 0.2630 0.0403 0.0157 0.1099 14 -8 -2 10 -14 2 4 10 -8 -8
35 -0.5007 0.3878 -0.6186  -0.4501 6 6 -6 5 -5 2 -6 5 -5 5
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Table 3 Initial prescribed positions.

Atk e BAA Table 5 o= B2 91X & 1} X Y 7 a(eg) Blde) ydeg)
Sl 7 AR Ay AgFwe deideh w®, | 0 0 0 0 0 0
O]Q,]- Q_ol Z]’Z]‘ E]-%— ii}‘% Eé}‘a}“c—f E}'O]O‘]E-Of] z 2 20 20.5 -5 -1.4 -0.2 -04
Bol o) FHE AN T oA Fs A | o 8 TS S4 At e
Table 40“ A'] 71(16]'71] E/\]% )é_l‘}[:sﬂ 1 7}]9’]' Table 5 _04 5 80 123:6 72.9 -19.6 55 -10.4
Aggle] o8] AR 4719 Tdoloj=g FAHE F 6 | 100 1324 975 28 7 147
2t 787179 A S FPsRT. 17 dA 7| 120 1361 -1203 246 77 -19
AL Fig. 6 3 23, Fig. 79 4 A 3= Ao #
Table 4 All solutions for the dyads (20 sols. in the complex domain).
Sols. Cy Cy C,, B, B, B,
1 118.776 -297.027 -256.525 102.007 -272.401 -279.369
2 128.635 -260.264 -166.401 108.298 -230.964 -183.71
3 517.489 -218.707 249.334 514.886 -195.307 278.852
4 592.198 194.842 131.451 561.079 201.786 -107.823
5,6 | -1190.521397.03i 651.2231528.62i 618.489+1184.55/ -1173.141233.853; 583.976u1700.31i 1081.72+1127.6
7,8 1-234.7671334.989i 65.1967.101.842i 401.817+240.775i -271.168u389.05i -20.639u190.276i -146.521u455.077i
9,10 |-76.3905:868.514i 972.48 +306.454i -4739.82+741.711i 1711.77u275.614i -482.0281755.658i 6157.4612456.84i
11,121-15.0851u119.337i -102.854+65.2154i -314.79611285.899; -67.1736u134.877i -48.5068+67.3809; -391.25514363.658i
13,14| 3.03948u1.95652i -108.411+78.155/ -301.7571213.674i -47.1187u8.33842/ -55.1979+67.3888/ -373.846+141.348i
15,16| 507.742136.907i -126.487+£309.104i 263.426+69.9732i 119.956:41.8785; 475.813+66.3234i -105.301u232.446i
17,18} 605.35129.4777i -409.892+105.208; -1.43262+115.254i -258.042184.396;/ 1082.37+133.459; -67.50781199.685/
19,20 606.31119.9896i -150.238n12.6183; 219.499+5.66263/ 629.329u7.10947; -167.851u16.1822i 263.578+11.7553/

Table 5 The real values derived from imaginary sols. and the maximum altered value for each position parameters.

Sols. Clx Cly Clz Bx By Bz |AY|max ’Az‘max |Aa|max |Aﬁ|max |AY|max
112,769 -158.873 -92.0455 98.4075 -145. -189.591
5,6 > > 493 8 0.11 0.11 0.11 0.108 0.108
203.066 -274.936 -102.607 189.051 -246.28 -88.6383
-326.635 -155.677 -124.436 -418.595 -175.551 -627.043
7,8 . . .0191 . .01
7 1-233.994 -110473 -74.8811 -309.213 -120.731 -479.005 0.02 001910019 00191 0.018
-553.959 1776.21 -12101.7 1930.74 4533  5746.36
10 . .00601 .004 0. .
. -482.977 1742.06 -12193.6 1965.09 75.7136 5871.87 00071 0.00 0.00 004 0.004
-89.8638 -128.666 -238.965 -148.744 -94.3477 -390.462
11,12 0.095 .082 . 0. 0.06
6.51506 -231.132 -248.19 -33.7346 -192.631 -294.152 0.08 0.082 076 6
-68.3681 -155.568 -252.832 -122.138 -119.746 -376.521
13,14 . . 04 . .
-3.24211 -224.035 -250.597 -44.5496 -186.776 -308.842 0.04 0.04 00 0.039 0.038
416.67 47.2998 110.756  269.29  250.088 -175.72
15,16 .0075 . . . .00
479.663 -102.479 140.735 343.851 116.427 147741 00 00073 0.0062 0.0051  0.0051
580.225 -346.756 31.5032 -596.025 1620.99 -297.597
17,18 . .001 .
607.025 -448.966 -85.6338 -361.99 125027 6.03713 0.004 0.00 0.001 0 0
682.149 -220.277 345.811 703.196 -242.49 439.124
19,20 0.109 0.043 0.043 0.043 0.043
703.26  -161.045 207.159 721.066 -180.116 288.532
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Fig. 6 The synthesized 5-SS mechanism.
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