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A Method of Approximating Spring Characteristic and Its Application
to the Problem of Balancing Input Torques
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Abstract

An efficient method for designing balancing springs to be used for dynamic balancing of planar
mechanisms was studied. In spite of its wide application in the field of balancing problems such
as balancing of input torques, clearance effects etc., there have been few efficient ways of
determining the specifications of the balancing springs. To improve this problem, a method of
approximating the characteristic of linear springs was suggested and its validity was checked
through an analysis of errors. Further, through an example of a balancing problem to reduce the
fluctuation of input torques of a 4bar mechanism, it was shown that the proposed method of
approximation simplifies the design equations and a satisfactory result can be found efficiently.
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Fig. 3 Four bar mechanism with balancing springs

LA A q, wHIAY A9 FHET X,
Yo, 259 XY 3o did 7187 6 o o=y
o AZeAY A L, as Solt, o] % 89 o
TF, B drode 228 o2y [, g,
gol Folx rtn s14stn Yolx| 6709 Wes
HAAH o2 AAsE FAE g, o 9
o miA amael gl Aol A FASH A4

€ Bolo Y¥EL A 2EY A 5 7

deid g, o S
quog geksig, Q) Fol A s delge

9,
e
a
o

fu
2
£
~ r-?ii
i
o,
N
-
2,
o}

4r
32
[
N,
N

ol

ol
m¥

N

2,

1203 BYEAAY $& 1029

Fig. 4 Free body diagram for the static analysis of
sprung system
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Table 1 Numerical data for the example of four-bar mechanism

Link lengths(m) Link masses(kg)

Crank speed

C. M. position Inertia(kg-m?)

N L s I ma me ms

¢ (rpm) le L2 ls¢ I, Is

.060 .240 .240 .240

1.186 1.615 1.530 270.

.010  .120  .073 .4523 .02211
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Table 2 Examples of optimal springs
Case | s as | 6/a| @ k do lo Xo Yo T* F7 oy F? F
m Deg N/m m m m m N-m N N N N
1 — - — — 0.0 — - - — 2.42( 107.00 100.40 46.06 46.58
2 .12 0 .25 |1.257 917.2| .083 | .249 .084 .107] D1.05| 55.16 45.63 47.84 46.08
@1.04] 55.12 45.59 47.95 46.18
3 .12 0 .33 [1.257 923.1f .080 | .163 .080  .109| D1.03| 52.89 43.46 46.80 45.17
©@1.01] 52.87 43.42 46.97 45.34
4 .08 0 .33 11.257 954.31 .078 .158 .057 . .076| D1.10| 49.46 41.02 47.42 46.73
@1.09] 49.32 40.88 47.49 46.75
5 .21 0 .25 [2.199) 2782.1( .083 .248 .123 1871 @ .69 45.18 34.63 43.41 35.38
®@ .74] 45.19 34.53 44.47 36.06
6 .24 0 .33 |2.513( 2245.0| .096 .194 .135 1550 @D .52) 45.13 35.18 210.18 194.79
@ .56 42.48 33.91 207.90 192.50
7 17 45 .25 [2.827] 1799.8) .099 .296 .03 175\ @ .76] 20.16 20.98 67.35 64.66
® .69 20.03 20.71 66.82 64.12
*(@ Approximate (@ Exact
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