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Belleville Springs #

(1) Characteristics 451E

1. If the stored energy for a unit volume of BELLEVILLE SPRINGS is compared
to an equal volume of coil-less springs, it will be found to be significantly
greater. Thus, although coned disc springs fit into a small space and have
a small stroke, they possess a relatively large load capacity.

2. BELLEVILLE SPRINGS have load/deflection curves that have either linear
or non-linear characteristics and these cone disc springs can be selected
to fit many different requirements as related to different specific uses.

3. The spring characteristics can be varied, as necessary, by Increasing or
decreasing the number of layers of discs and using discs in series or parallel
configurations, in various combinations.

4.1f they are used properly, the range of possible uses is very broad and they
will perform effectively to achieve many different objectives.

5. If they are used within their permissible stress ranges, they can endure
long periods of continuous use.

6. They are very effective for absorbing shock loads and when they used in
multiple-disc stacks, their ability to dampen shocks effectively is very high.
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(2) Load tolerances MTATAZE

Computed values for the load tolerances of BELLEVILLE SPRINGS are
indicated in the table in Figure 1. The values for BELLEVILLE SPRINGS
exceeding Tmm in thickness are greater than those for BELLEVILLE SPRINGS
less than 1Tmm in thickness.
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Clearances for load P where f=0.75h

f=0.75h BT P AN ZE

Thickness ( t) ranges :

RE t HSEE

0.3mm ~ Z 0.9mm +25% —7.5%
1.0mm ~ Z 3.5mm +15% —7.5%
4.0mm ~ Z 16 mm + 5% — 5%

Appendix:Table 1 Ft%& 1

(3) Permissible stress TR

Uses involving static loads &% far{s BT

The BELLEVILLE SPRINGS that are included in the Standards Table,
presuming that the rated load does not fluctuate, can be used up to the
deflection (f) indicated. The characteristic curve, as indicated in the graph in
Figure 2, when used in situations where f =0.75h>, indicates load/deflection
curve values are directly proportional and are close to the calculated values.
However, when f=0.75h<, as the value approaches f=h the curve changes
and actual values significantly exceed the calculated values.
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Uses involving dynamic loads 3% far{& RS

Compared to static loads, when BELLEVILLE SPRINGS are used in situations
involving dynamic loads, the length of their stress life becomes an important
question and the frequency of such problems as spring damage and the
fatigue life come to be greatly influenced by such factors as the qualities
of the materials used, the heat treatment methods and the processing
technology, and also by the scale of the stress caused by the deflection range
and differences in the number of repetitive deflection cycles. In the case of
dynamic loads, if the maximum permissible deflection has been is set at =
0.75h > and, for the preliminary stage deflection in order to stabilize the small
shifts of the upper inside diameter edge of the Belleville spring that is subject
to the maximum compressive stress, at a minimum, when f = 0.15h < in other
words, when d 1=-60kg/mm2 <, preloading must be used. The objective of
using preloaded springs is to stabilize the load and to eliminate cracks in the
upper inside diameter edge. As an example, when the permissible range
of the deflection is determined and the range in the number of repetitive
deflection cycles is assumed to be 2 million cycles or less, the repetitive
cycle stress life is as shown in the above Table. When the plate thickness
is from 1Tmm < to over 4mm >, the total working deflection can be
estimated to fall between the values indicated in the Table. If a repetitive
deflection cycle life of less than 100,000 cycles is acceptable for a given
application, the total working deflection is can be calculated for Tmm < at
12% and for 4mm = at 6%, using the table above.

BELLEVILLE SPRING first-stage deflection options | More than Tmmin thickness | Less than 4mm

in thickness
RN ER TR B REANF 1mm TEATF 4mm

When first-stage deflection is 15% | Totalworkingdeflection:50% | 45 %
When first-stage deflection is 25% | Totalworkingdeflection: 56% | 50 %
When first-stage deflection is 50% | Totalworkingdeflection:68% | 63 %
FEZEE 15% B fEHSE%E 50% 45%
FEGE 25% kY ERAEESE 56% 50%
FE4EE 50% kY FRLE%EE 68% 63 %
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(4) The use of guides Sm@AE

When BELLEVILLE SPRINGS are stacked, guides are used to prevent the
springs from shifting position horizontally. Guides also generate actual
friction so that when calculating the load, this friction must be taken
into account by lowing the estimation of the load. Regarding how to use
guides, as is shown graphically in Figure 3, either inside diameter and
outside diameter type guides can be chosen to meet design requirements.
However, in actual use, outside diameter guides are the most frequently
used type and provide a stable guide method. Especially in cases where
guides are used in situations involving heavy loads, the guide rod must
have a heat treated surface hardness of at least 45 < ~ 55 > and it is
also desirable that the surface be polished. In addition, for lubrication,
if molybdenum dioxide grease is applied to the surfaces of BELLEVILLE
SPRINGS, this will help to effectively reduce the friction force.
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(5) Combinations and load characteristics ZB& & fa a4t

Load P 77 P (kgf)

(@ 3 disk springs in parallel,
series, 1-step

3HFER

I

3 disk springs in parallel,
series, 2-step
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(@ 3 disk springs in parallel,
series, 3-step
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(@) 2 disk springs in parallel,
1 disk spring in series, 1-step
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(®) 2 disk springs in parallel,
series, 2-step
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(8 2 disk springs in parallel,
series, 3-step
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@ 3 disc springs in series
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(6) Guide clearance S[alalp&

When BELLEVILLE SPRINGS are deflected from their free state, a slight
change in the dimensions of the inside diameter will occur. Therefore, guide
clearance is necessary. Concerning guide clearances, the standards applying
to BELLEVILLE inside diameters, are shown by the values in Figure 4 and

should be followed.

REMBBERSTERN, AIMARTSZEMNMNIEL. AEVREES
EEFR. SE BRI EE R R DB MR 4 FTR.

BELLEVILLE SPRING inside diameter dimensions (DI) | Guide clearance

IR#FHME DI 5[] ] 5
3.7mm to Z 14.3mm 0.2mm
153mm to % 18.3mm 0.3mm
204mm to # 25.4mm 0.4mm
284mm to # 285mm 0.5mm
31 mm to # 64 mm 1 mm
72 mm to F 127 mm 2 mm

Appendix:Table 4 Fi% 4
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Deflection f
THEF(mm)

(7) Materials & fit#t

Materials Degree of heat resistance(C])
w7 # it #m fE C
Thickness 4mm > SK5M ~ + 150
Thickness 4mm < SUP10 ~ + 150
WE/NF 4mm Bf, SK5M + 150 U
HEATF 4mm Bf, SUP10 + 150 AT
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(8) Standard dimensions and loads #x/f R~ 5% - IWATA DENKO

Da

: | /
T 81 | h

t

Di /
Methods used for spring labeling to indicate dimensions:BELLEVILLE SPRINGS labeling example : Spring with Qutside diameter Da=’|6,

Inside diameter Di=8.2, Plate thickness t=0.9 is labeled using the form, “16x8.2x0.9” The name of the size is:“H=16"
Explanations of abbreviated terms and symbols

fmm BELLEVILLE SPRING displacement and options related to amount of deflection
Eokr;fm 'IL'Qaedtotal height of unloaded, single BELLEVILLE SPRINGS | )
51 Kgf/mm?2 Types of stress related to BELLEVILLE SPRINGS Stress ( Tensile stress ) Sales unit quantities
R#Fx HME Da=16. wizDi-82, /8 t-0.9 ps#EETH 16382509 FRIFA H=16 §j;§$1§ - 28 -s0p
S
f mm BROEETE P kaf s Da 315~ 63 =10k
Hemm KR RRA TR MEELE 81 Kgf/mm? 8RR ($kiH) Da 71 ~250= 14
Heavy load type : “H” EffEHAH
(?iggl%iig[ d{%;gzer Th}fi;kjrgss Th}fi;k{rgss [})_iﬂ:fég T%al%gr}gh f = 0.25h f = 0.5h f = 0.75h f=h
Da | Di t t h Ho P f orn P f orn P f o1 P f orn
8 | 42| 04 02 | 06 8 | 005 | 348 | 15|01 |76 214] 015 | 124 | 275 02 | 178
10 | 52| 05 025 | 075| 1240063 | 341 | 233| 0125 | 745 | 333| 0.188| 121 | 427| 025 | 174
125 62| 07 03 | 1 245(0075 | 41.1 | 467 015 | 87.9 | 674 0.225| 141 | 87.3] 03 | 199
14 72| 08 0.3 1.1 29 | 0075 | 39 55.8| 0.15 | 826 81.3| 0.225| 131 106 | 0.3 184
16 | 82| 09 035 | 1.25| 37 | 0088 | 391 | 71.2[ 0175 | 83.1 | 103 | 0263 | 132 | 135 | 0.35| 186
18| 92| 1 04 | 14| 46 |01 | 389 | 83/ 02 | 89 | 128 | 03 | 132 | 167 | 04 | 18
20 | 102 1.1 045 | 155| 56 | 0113 | 386 | 107 | 0.225 | 824 | 155 | 0.338| 131 | 202 | 045 | 185
25| 112 | 125 05 | 175| 708| 0.125| 387 | 136 | 0.25 | 823 | 197 | 0.375| 131 | 256 | 05 | 185
25 | 122 16 055 | 215| 127 | 0138 | 472 | 247 | 0.275| 99.2 | 361 | 0413 | 156 | 473 | 055 | 218
28 | 142 16 065 | 225| 126 | 0163 | 412 | 242 | 0.325 | 87.8 | 351 | 0.488| 140 | 456 | 0.65| 197
315 163 | 175 07 | 245| 142 |0175| 386 | 272 | 0.35 | 821 | 395 | 0.525| 131 | 514 | 07 | 184
35| 183 | 2 08 | 28 | 190 |02 | 395 | 365 |04 |8 | 530 | 06 | 135 | 689 | 08 | 190
4 | 204 | 225 09 | 315| 239 | 0225 | 399 | 458 | 045 | 849 | 664 | 0.675| 135 | 863 | 09 | 190
45 224 | 25 1 35 | 283 | 025 | 387 | 543 | 05 823 | 788 | 075 | 131 | 1025 1 185
5 | 254 | 3 10 | 41 | 435 | 0275 | 429 | 840 | 0.55 | 907 | 1224 | 0.825| 143 | 1599 | 1.1 | 201
oz 5 | 285| 3 13 | 43 | 423 | 0325| 37.1 | 806 | 0.65 | 79.6 | 1163 | 0.975| 127 | 1506 | 1.3 | 181
% i § 63 | 31 35 14 | 49 | 550 | 035 | 392 | 1055 | 0.7 | 834 | 1531 | 1.05 | 133 [ 1991 | 14 | 187
# £ 3 71 | 36 | 4 | 375 | 16 | 56 | 783 |04 | 335 | 1470 [ 08 | 73 [2092 | 12 | 119 | 2729 | 16 | 186
’irg“ gg 80 | 41 5 | 47 | 17 | 67 |1246 | 0425 | 389 | 2376 | 0.85 | 83.1 | 3425 | 1.275| 133 | 4487 | 17 | 204
i« 9F 9 | 46 | 5 | 47 | 2 7 |[1195 |05 | 327 | 2248 | 1 711 3199 | 15 | 115 | 4165 | 2 176
& gg 100 | 51 6 | 56 | 22 | 82 |1842 | 055 | 362 | 3433 | 1.1 | 782 |4909 | 165 | 126 | 6404 | 22 | 195
. 12 | 57 | 6 | 56 | 25 | 85 |1650 | 0.625 | 30.3 | 3103 | 1.25 | 667 |4470 | 1.875| 109 | 5801 | 25 | 168
125 | 64 | 8 | 75 | 26 | 106 |3176 | 065 | 394 | 6076 | 1.3 | 84 [8771 | 195 | 134 |11514 | 26 | 204
140 | 72 | 8 | 75 | 32 | 112 |3143 |08 | 349 | 6008 | 1.6 | 76 [8689 | 24 | 123 [11314 | 32 | 190
160 | 8 |10 | 94 | 35 | 135 |5161 | 0875 | 39.4 | 9824 | 1.75 | 845 [14124 | 2625| 135 [18478 | 35 | 208
180 | 92 |10 | 94 | 4 |14 |4780 |1 327 | 8993 | 2 711 12796 | 3 115 |16661 | 4 176
200 | 102 | 12 | 1125 | 42 | 162 [6794 | 1.05 | 363 (12925 | 21 | 77.8 [18674 | 3.5 | 125 (24450 | 42 | 193
25 |12 | 12 1125 | 5 |17 |6559 | 1.25 | 302 12286 | 25 | 66 (17401 | 375 | 108 (22667 | 5 166
250 | 127 | 14 |131 | 56 | 196 [9511 | 1.4 | 334 [17871 | 28 | 728 [25391 | 42 | 118 (33083 | 56 | 182

95 & Do not use deflection rates that exceed f =0.75h  FHHEFEET, AR f = 0.75h EHRETER
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Cautions concerning use of the products & RRAIEEER , . lever arm
As shown in the graph (Figure 5), the contact surfaces of BELLEVILLE SPRINGS D P HRE
are beveled and for thicknesses of less than 4mm, thickness (t’) is a given. Di _
Therefore, when using stacked discs in parallel, the entire length/height Y
(including the thickness of the plate) is calculated using the following formula:
Where n = Number of discs stacked T '/
Total length (L, ):L, = H,+(n - 1)t HO—S
The value, L, (Total length) when used in the case of dynamic loads, requires L ! v
that the first-stage deflection should be set at f = 0.15h ~ 0.2h and, for the total p’
deflection, it is desirable for that it be in the range of f = 0.75h > . Da
MBE 5 BT, REATF 4mm HEEE, RAMNEMELAEEA, WEA U RF, LIRS Da ol /
BiEAM, SFREENNEK L TRUTAXIHE,  AEERH. >
&KL =H.+(n-1)t
ERRHEMTERN, REHFBEDE 0.15h ~ 020, IR 0.75h LIRATERERA. Appendix:Table5 5
Light load type : “L” H&HfEA L
Qutside | Inside | Trckness | Thickness | Deflection |Total engh f = 0.25h f = 0.5h f = 0.75h f=h
danclr| daMCEr\ Nim | B | B4R | ABE
Da | Di t t h Ho P f ér | P f o1 P f o1 P f o1
8 42 0.3 025 | 055 53| 0.063 | 17.9 9.1 0125 | 454 12 | 0.188 | 82.6 145 025 | 129
10 5.2 0.4 0.3 0.7 9 | 0075 | 222 159 0.15 | 534 21.4| 0225 | 936 26.2| 03 143
125 6.2 0.5 035 | 085 12.3| 0.088 | 225 22 | 0175 | 526 30 | 0.263 | 90.2 371 035 | 136
14 7.2 0.5 0.4 0.9 12.3] 0.1 17 214 0.2 42 285| 0.3 75 345 04 116
16 8.2 0.6 0.45 1.05 17.6| 0113 | 19.6 31.1| 0225 | 47 419] 0338 | 823 51.3| 045 | 125
18 9.2 0.7 0.5 1.2 238| 0125 | 21.9 425| 025 | 51.7 57.8| 0375 | 89.3 714/ 05 135
20 10.2 0.8 0.55 1.35 31.1| 0.138 | 23.1 558 | 0.275 | 53.9 76.4| 0413 | 923 949 055 | 138
225| 112 0.8 0.65 1.45 31.3| 0.163 | 17.3 545| 0.325 | 429 72.2| 0.488 | 76.9 87.3| 065 | 119
25 12.2 0.9 0.7 1.6 374 0175 | 18.1 658| 035 | 438 88 | 0525 | 77.3 107 | 07 119
28 14.2 1 0.8 1.8 487 02 17.2 85 | 04 424 113 | 0.6 75.7 137 | 08 117
315 163 1.25 0.9 2.15 80.7| 0225 | 226 | 144 | 045 | 535 195 | 0.675 | 927 241 0.9 140
355| 183 1.25 1 2.25 74.7| 0.25 169 | 130 | 05 4.7 174 | 0.75 | 746 210 1 116
40 204 1.6 115 275| 133 | 0288 | 229 | 237 | 0575 | 54.1 322 | 0.863 | 937 397 115 | 142
45 224 1.75 1.3 305| 156 | 0325 | 21.1 | 276 | 0.65 | 504 372 | 0975 | 878 457 1.3 133
50 25.4 2 14 34 199 | 0.35 231 | 357 | 07 54.1 487 | 1.05 | 929 603 1.4 140
56 28,5 2 1.6 36 195 | 04 172 | 341 0.8 424 | 453 | 1.2 75.6 549 1.6 117 1% 33
o2
63 31 25 175 | 425| 300 | 0438 | 228 | 537 | 0875 | 533 | 732 | 1313 | 914 907 1.75 | 137 ’E% 2 s
2<
7 36 25 2 45 2% | 05 172 | 516 | 1 424 687 | 15 75.7 833 | 2 117 ® ) ;
MDD
80 4 3 2.3 5.3 454 | 0575 | 194 | 800 | 1.15 | 47 1074 | 1.725 | 828 | 1311 23 127 % 3 ?_,
90 46 35 25 6 596 | 0.625 | 21.9 | 1064 | 1.25 | 51.7 | 1446 | 1.875| 893 | 1786 | 25 135 m
®oL
100 51 35 28 6.3 574 | 0.7 16.2 [ 1003 | 1.4 399 | 1335 | 21 713 | 1618 | 28 110 % g%
o5
112 57 4 375 | 32 7.2 836 | 0.8 106 1414 | 1.6 29 1812 | 24 594 | 2200 | 3.2 98.7
125 64 5 47 35 85 (1330 | 0875 | 16.1 |2315 | 1.75 | 409 | 3055 | 2625 | 745 | 3784 | 35 119
140 72 5 47 4 9 1309 | 1 108 [2217 | 2 306 | 2845 | 3 594 | 3453 | 4 98.2
160 82 6 5.6 45 105 [1880 | 1.125 | 121 [3230 | 225 | 33 4186 | 3.375 | 626 | 5131 45 103
180 92 6 5.6 5.1 111 | 1825 | 1.275 7.7 [3040 | 255 | 245 | 3829 | 3825 | 504 | 4588 | 5.1 86.6
200 | 102 8 75 5.6 136 |3404 | 14 16 5911 2.8 40.7 | 7791 | 42 743 | 9659 | 5.6 119
225 | 112 8 75 6.5 145 | 3363 | 1.625 99 | 5669 | 325 | 28.8 |7237 | 4.875| 56.5 | 8731 6.5 94.2
250 | 127 10 94 7 17 5303 | 1.75 16.2 [ 9219 | 35 411 12168 | 525 | 74.8 |15071 7 119

& Do not use deflection rates that exceed f =0.75h  FHHEFEET, AR f = 0.75h EHRETER 96



