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Abstract

In synthesizing an RSSS-SC mechanism that is the kinematic model of the McPherson strut suspension
system in automobiles, the design equations for R-S, S-S and S-C dyads should be solved separately for a
given set of prescribed positions. The number of prescribed positions that an RSSS-SC mechanism can be
synthesized is up to three because of the S-C dyad. This limitation may cause unsatisfactory results in
synthesized joint positions. This paper presents a kinematic synthesis method to place the joints of an RSSS-
SC mechanism in desired boundaries by varying the prescribed positions of the mechanism within acceptable
tolerances. The sensitivity analysis of the joint positions is used to determine which displacement parameter

should be altered to fulfill this task.
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Fig. 1 RSSS-SC mechanism
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Table 1 Synthesis condition of R-S dyad
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Table 2 Synthesis condition of S-S dyad
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Fig. 4 S-C dyad

Table 3 Synthesis condition of S-C dyad
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Table 4 Prescribed positions of RSSS-SC mechanism
Positions O,y (mm) O,y (mm) O, (mm) a; (deg.) B; (deg.) ¥; (deg.)
i=1 0 689.5706 45 0 0 0
i=2 -3.9841 676.0701 -15 0.0129 0.2818 -1.9506
=3 9.8977 689.4685 145 -1.3464 -0.5111 1.5332
Table 5 Required installation spaces (mm)
Installation positions Required X-Component Required Y-Component Required Z-Component
a -50<a <50 -200<a <0 -150<a <-50
A, -50<A <50 250<A,,<350 -50<A,;<50
b 100<b <150 -200SbyS0 -50<b,<50
B, 100<B, <150 250<B,,<350 50<B,<100
c c,=0 -200$cy30 c,=0
C, -50<C, <50 450<C,,<550 550<C,,<600
Table 6 Acceptable tolerances of prescribed positions
Positions Oix (mm) Oiy (mm) Oi; (mm) ai (deg.) B i(deg.) y i(deg.)
i=2 +0.1992 +0.6750 0 + 0.0007 +0.0141 +0.0975
i=3 +0.4949 +0.0051 0 +0.0673 *0.0256 +0.0767
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Ao thgk S.s theloj=9 HE Fatlen olF BoAFolME |7 FEE: 8 AR E
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R AHe AEE 98 Table 8 9 §S-C thol L& olg3le] RSSS-SC AVMAANE FAstw 1
ol= | M Table 9 o RS Tholoj= 4 ¥ T8jm HF S A8 7|79 H9E YA E o4
Table 10 9] S-S Tho]oj= 4 W& A8}l RSSS-
sC 7178 PAsE 1 uaE et 99
& 24 #AFAY Z FUYCE 45mm o AA 600;
& 71EAAE 3ol 145mm 7AA)S) WZ S} -ISmm 400"
ARel e BAE lomm ¥ vhrol Abgs 20
A3 Table 11 o] ©9 34 AH#E B7]3H3ch -200 D
-400+ p g
-600} -
-800* : :
Table 7 Basic solution for sensitivity analysis (mm) @ Bovoo By 7 o )
¢, 0 c, |-112.2446 | ¢, 0 [ oc/Op B 0C,y/0p £0Co/0p B 9C,,/0p
Cox | 10.0049 [ Coy | 510.021 |Cyz| 583.005 P=0y By V3
Uy | 0.0184 | Uy | -0.1241 | U, 0.9921 Fig. 5 Sensitivity of joint positions
Table 8 Joint positions of S-C dyad (mm)
No. S cy <, COx COy COZ Uy ucy U,
1 0 -132.276 0 10.1983 | 499.753 545.35 0.0202 -0.1142 0.9932
2 0 -1770410 0 237389. | -105628. | -327814. | -0.1386 | -0.9717 0.1914
3 0 -1724.63 0 -227.435 | -1051.74 | 397.829 | -0.5414 | -0.0397 0.8398
4 0 11868. 0 400.209 | 12536.7 | 634.268 0.5616 -0.0293 0.8269
5 0 -1840.64 0 -261.31 | -1163.42 | 396.874 | -0.5960 | -0.0282 0.8025
6 0 -1698.56 0 -362.04 | -1008.03 | 401.826 | -0.7122 0.0019 0.7020
7 0 13216.1 0 -4.89171 | 13897.2 | -267.253 | 0.0157 0.0269 0.9995
8 0 40192.2 0 -6229.58 | 365.507 | -4591.12 | 0.1510 0.9821 0.1124
9 0 -416312, 0 -0849.19 | 406.487 | 738971 | -0.0237 0.9997 0.0017
Table 9 Joint positions of R-S dyad (mm)
No. a, a, a, Agx Agy Agg, Yax Yoy Uy,
1 40 -150 -150 30 283.241 | -47.5617 | -0.9967 0.0146 0.0802
2 30 -130 -140 30 293.505 | -37.9716 | -0.9964 | -0.0025 0.0842
3 5 -100 -120 30 305.611 | -19.2606 | -0.9955 | -0.0302 0.0897
4 -5 -40 -100 30 341.822 | -0.1258 | -0.9908 | -0.0889 0.1016
5 -40 -20 -50 30 332236 | 454964 | -0.9878 | -0.1186 0.1014
Table 10 Joint positions of S-S dyad (mm)
No. b, b, b, Box By By,
1 100 -164.796 -39.7819 100 250 50
2 110 -102.471 -17.9443 110 290 70
3 120 -85.9269 -6.00271 125 300 80
4 135 -56.9479 5.82323 140 320 90
5 150 -13.655 17.1656 150 350 100
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Table 11 Displacement analysis of RSSS-SC mechanism
0, (mm) O,y (mm) O,; (mm) o, (deg.) B, (deg.) ¥, (deg.)
9.8977 689.468 145 -1.3464 -0.5011 1.5332
8.68266 690.695 135 -1.09731 -0.459426 1.50695
7.5254 691.651 125 -0.879906 -0.414831 1.44782
6.42231 692.337 115 -0.691386 -0.367683 1.35801
5.37024 692.755 105 -0.529278 -0.31837 1.23939
4.3665 692.905 95 -0.391363 -0.267294 1.09361
3.40872 692.785 85 -0.275636 -0.214867 0.922063
2.49485 692.394 75 -0.180268 -0.161505 0.725973
1.62311 691.73 65 -0.103571 -0.107627 0.506374
0.791947 690.79 S5 -0.0439749 -0.0536521 0.26414
0 689.571 45 0 0 0

-0.753905 688.067 35 0.0297666 0.0529111 -0.285456
-1.47079 686.274 25 0.0466917 0.104664 -0.591766
-2.15154 684.186 15 0.052117 0.154844 -0.918592
-2.79692 681.795 5 0.0473813 0.203035 -1.26572
-3.40758 679.093 -5 0.033842 0.248824 -1.63305
-3.9841 676.07 -15 0.0129 0.2918 -2.0206
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