Spring Analysis 9/20/08

Hello DesertFox

I’'m trying to model a spring that is used in one of our products. | visualized the free body diagram as a simply supported
beam. | wanted to verify my experimental results with ANSYS and analytical results. Depending on what method gave me
the best results as compared to the experimental results, | would then use that method for analyzing the spring in the
product. My test setup used two dowel pins that supported the spring at preload and then when the handle is pressed. A
Chatillion force gauge and dial indicator were used to measure the resulting force and deflection.

PRELOAD EXPERIMENTAL
Fpre

TRIGGER EXPERIMENTAL Ftrig

} 1.2in @ 0.83in *{*

Material:AlSI 1095 Steel, oil quenched
from 800°C (1475°F), tempered at 480°C
(900°F) (Approximate Blue Tempered)
Spring Dimensions:
2.125”L.x0.34’Dx0.025’H

Spring in product:

The force required to deflect the spring
to it's preloaded deflection of 0.625” is
3.5 Ibf.

The force required to deflect the spring
to it's handle deflection of 0.700” is 15
Ibf.




FRELODAD  Ezp Force

FRELOAD

TRIGGER

Similar To
Trigger
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Ezp Force Ezp Force Ezp Force | Ezp Force Exp Force Exzp Force Ezp Force
| 2 4 55 5 §.2 |
Dial DeH Dial DeHl Dial OeH | Dial DeH Dial DeHl Dial DeH Dial Derl Dial DeH
| 0,10 0.20 0,30 040 043 |

Actual Defl

Actual Defl

Actual Def Actual Defl | Actual Defl | Actual Defl | Actual Defl

Actual Defl

Exp Force Ezp Force Exzp Force Ezp Force Ezp Force Exzp Force Exp Force Exp Force

| 425 55 5 25 10 11 11.75 12,25 12.25]
Dial DeFl Dial DeFl Dial Defl | Dial Defl Dial DeFl Dial DeFl Dial DeFl DOial DeFl

| 0.10 0.15 0.20 0.25 0.30 0.5 0.40 0.45]

Actual Defl

Actual DeFl

Actual Def Actual Defl | Actual Defl  Actual Defl | Actual Defl

The data above shows the
required force to deflection for
preloading setup and the trigger
setup.

Actual Defl



Comparing Simply supported beam
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0

EXPERIMENTAL RESULTS ¥5 ANALYTICAL:
PRELOAD EspForce  EapForce  ExpForce ExpForce EspForce ExpForce ExpForee  ExpForce
! | ff b 2
Dial Defl ~ DialDefl Dial DeHl Dial Defl  DialDefl  DialDefl  Dial Defl  Dial Def
0 020 0.0 040 143
Actual Defl ~ Actual Defl  Actual Def Actual Defl Actual Defl Actual Defl  Actual Defl  Actual Defl
PRELOAD 003 0 .28 038 04
Simply  CaleDefl Orig: Cale Defl:  Cale Defl: Cale Defl: = CaleDefl:  Cale Defl: ~ Calc Defl:  Cale Defl:
Supported 0228 Q456 D6 L 0707
ANSYS TRIG L ANSYS Defl  ANSYS De ANSYS Defl ANSYS Defl ANSYS Defl ANSYS Defl ANSYS Defl
atEtpForce atExpForce  at Exp Foriat Exp Force at Exp Force at Exp Force at Exp Force at Exp Force
J ! J ] J ] J ]
TRIGGER EspForce  EapForce  ExpForce ExpForce EspForce ExpForce ExpForee  ExpForce
125 £ 1.8 fl f 17 {26 L2
Dial Defl ~ DialDefl Dial DeHl Dial Defl  DialDefl  DialDefl  Dial Defl  Dial Def
0 0% 0.0 1.5 0.0 K] 04 145
Actual Defl ~ Actual Defl  Actual Def Actual Defl Actual Defl Actual Defl  Actual Defl  Actual Defl
Trigger 008 0 0 ] 0.5 040 0.8 040
Simply CALC Trigger Trigger Defl:  Trigger De Trigger Defl: Trigger Defl: Trigger Defl: Trigger Defl: Trigger Defl:
Supported 0103 A 00 124 o 256 .24 246 .24
ANSYS TRIG L ANSYS Defl  ANSYS De ANSYS Defl ANSYS Defl ANSYS Defl ANSYS Defl ANSYS Defl
atEtpForce atExpForce  at Exp Foriat Exp Force at Exp Force at Exp Force at Exp Force at Exp Force
0l (.68 0212 .57 .28 .24 0 0.3
stress §9106 138310 172530 208600 228380  24i830 252630 252830

experimental results:

I Simple suppori werkang

— 0+ &l
I

Ansys model not working
for preload

Directional Deformation_y

Type: Directional Deformation Y Axis )
Uit i

Time: 1

10/20/2008 1:36 PM

Handle

0.32086 Max
0.28075
0.24085
0.20054
0.15043
0.12032
0.080211
0.040103
-5.9704e-5
-0.040115 Min

deflection at
12.25 Ibf
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Comparing Castigiliano’s Method to experimental results:

EXPERIMENTAL RESULTS ¥5 ANALYTICAL:
PRELOAD  ExpForce  ExpForce ExpForce ExpForce EspForce ExpForce  EspForce  Exp Force
2 4 hh 3 bl
Dial Defl Dial Defl  Dial Defl  Dial Defl ~ Dial Defl  Dial Defl  Dial Defl  Dial Defl
010 0.0 030 040 043
Actual Defl  Actual Def Actual Defl Actual Defl Actual Defl Actual Defl Actual Defl  Actual Defl
PRELOAD 004 1N 024 0.3 040
Castigiliano’s = Cale Defl Orig: Cale Defl: Cale Defl: ~ Cale Defk  Cale Defl:  Cale Defl:  Cale Defl:  Cale Defl:
Method (1156 032 0424 0469 0434
ANSYS TRIG [ ANSYS De ANSYS Defl ANSYS Defl ANSYS DeHl ANSYS Defl ANSYS Defl ANSYS Defl
at Exp Force  at Exp Ford at Exp Force at Exp Force at Exp Force at Exp Force at Exp Force at Ezp Force
] ] ] ] ] ] ] ] x x
where U = J%xg”—fldx: %fxzdx: ] I
0 0
5 N — F-(Xg)
TRIGGER  EwpForce  EspForce ExpForce ExpForce ExpForce ExpForce ExpForce ExpForel A Fa  Eele3
42 Bh 425 il I 117 2 R4
Dial Defl Dial Defl  Dial Defl  Dial Defl ~ Dial Defl  Dial Defl  Dial Defl  Dial Defl
010 05 020 0.2 0.3 0.3 040 04
Actual Defl  Actual Def Actual Defl Actual Defl Actual Defl Actual Defl Actual Defl  Actual Defl
Trigger 004 012 017 0.2 0.2 .30 035 040
Castigilianos = CALC Trigger Trigger De Trigger Defl: Trigger Defl: Trigger Defl: Trigger Defl: Trigger Defl: Trigger Defl:
Method 0032 (.060 003 0076 0034 0.090 0083 008

stress

ANSYS TRIG [ ANSYS De ANSYS Defl ANSYS Defl ANSYS Defl ANSYS Defl ANSYS Defl ANSYS Defl
at Exp Force  at Exp Ford at Exp Force at Exp Force at Exp Force at Exp Force at Exp Force at Ezp Force

0110

163 0.212 0257 0231 0.3 03 0

89106

138910 172590 208600 228380 241830 252830 252830
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Comparing Strain Energy Method to experimental results:

EXPERIMENTAL RESULTS VS AHALYTICAL:

PRELOAD  ExpForce  ExpForce ExpForce ExpForce ExpForce ExpForce  ExpForce  ExpForce
2 4 55 f fi2

Dial Defl Dial Defl  DialDefl  DialDefl  DialDefl  DialDefl  DialDefl  Dial Defl
010 0.20 0.30 040 043

Actual Defl  Actual Defl Actual Defl  Actual Defl  Actual Defl  Actual Defl  Actual Defl  Actual Defl

PRELOAD 009 018 0.2 0.38 040
Castigiliano's  Calc Defl Orig: Calc Defl: CalcDefl:  CalcDefl:  CalcDeft  CalcDeft  CalcDefl:  Calc Defl
Method 01% 0312 0429 0469 0454 |

ANSYS TRIG DeANSYS Defl ANSYS Defl ANSYS Defl ANSYSDefl ANSYSDefl ANSYS IxFxy= 2 U

at Exp Force ot Exp Forc ot Exp Force at Exp Force at Exp Force ot ExpForce atExph
X X X X X X X

+xFxy=

X

_ iy m?

where U =[x
0

_FZ2 x XX

F2
2 XEx|

X
0

X3

3

TRIGGER ExpForce  ExpForce ExpForce ExpForce ExpForce ExpForce ExpForce  ExpForce
425 Ba 8.25 10 1 11,75 1228 125
Dial Defl Dial Defl  DialDefl  DialDefl  DialDefl  DialDefl  DialDefl Dial Defl
010 015 0.0 025 0.30 035 040 045
Actual Defl  Actual Defl Actual Defl  Actual Defl  Actual Defl  Actual Defl  Actual Defl  Actual Defl

Trigger 0.0 012 017 0. 0.5 0.30 0350 040
Castigiliano's ~ CALC Trigger Trigger De Trigger Defl: Trigger Defl: Trigger Defl: Trigger Defl: Trigger Defl: Trigger Defl:
Method 002 0040 0.083 0076 0,054 0,090 0093 0093

AHSYS TRIG De ANSYS Defl ANSYS Defl AHSYS Defl ANSYSDefl AMSYSDefl AMSYSDefl ANSYS Defl
at Exp Force ot Exp Forc ot Exp Force ot Exp Force at Exp Force ot Exp Force at Exp Force at Exp Force
000 0168 0.212 0257 0.281 029 0311 0.3

stress 9106 138910 172590 208600 226380 24830 252830 262630
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Comparing Curved Beam Stress at largest Moment to ANSYS results:
| AISI 1095 Steel, oil quenched from 800°C {1475°F), tempered at 480°C (900°F) (Approximate Blue Tempered)

|Force Spring fodulus of Moment Arm  base height moment Cross-sectional
| length Elasticity length of interia Area
|(Ibfy {irm) (Ibt/in"2) (in) {irm) {irn) {in*4)
| 112*°B"H~3
|F I E a bhase height Imom
12 2125 29700000 1.0625 0.34 0.025 0.00000044 0.0035
|F 0.9770
|ra 0.95595
|ri 0.9545
|co 0.0126 :;‘ EJ
ci 0.0124 \ { T - 2
: Ma 12 7500 \ = r ‘L/ Neutral Axis ——, _
|Mb 7554 | . :
|ai=Marcif(Aer) i "
Equivalent Stress ,_\l_\}_:j‘?ﬁ AW, il T3 i
Type: Equivalent (von-Mises) Stress will |
unit: psi
Time: 1

Note that y is meastred
posifive inward from the
neutral axis.

1.6586e-8 Min

My ANSYS model show that the
equivalent stress for the actual part
matches closely to the Curved Beam
Stress analysis, but required force to do
this was
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Comparing Curved Beam Stress at largest Moment to ANSYS results:
| AISI 1095 Steel, oil quenched from 800°C {1475°F), tempered at 480°C (900°F) (Approximate Blue Tempered)

|Force Spring fodulus of Moment Arm  base height moment Cross-sectional
| length Elasticity length of interia Area
|(Ibfy {irm) (Ibt/in"2) (in) {irm) {irn) {in*4)
| 112*°B"H~3
|F I E a bhase height Imom
12 2125 29700000 1.0625 0.34 0.025 0.00000044 0.0035
|F 0.9770
|ra 0.95595
|ri 0.9545
|ca 0.0125 i EJ
ci 0.0124 ‘ : Y | e | e e ;

IE 12.7500 | W ‘L/NeutraIAms-L..ﬁ_,_
|Mb 7500 U\ .'
[o=marcigen) 363094.5011 /i o

TN
Equivalent Stress MNSY I
Type: Equivaent (von-Mises) Stress Wil
unit: psi

Time: 1

Note that y is meastred
posifive inward from the
neutral axis.

1.6586e-8 Min

My ANSYS model show that the
equivalent stress for the actual part
matches closely to the Curved Beam
Stress analysis, but



