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High Stiffness Frame Design for a Spine Manipulation Device
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High stiffness frame design for a spine manipulation device was developed in this research. For
the safety of a spinal manipulation, high stiffness of the device is required. A finite element (FE)
model of the device frame is created and validated by measured vibration data. Parameters are
suggested for high stiffness design of the frame. Based on the Taguchi design of experiment
(DOE), a practical set of design parameter values is suggested.
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k = spring constant

m = mass

g = acceleration of gravity
X = spring displacement

1. B
1%7\P7} & iiﬂ?é-—% 49

Kohss 2EAY
% s 954 7Y 5o
e
1

FePst7] g Aok, E AAY ZHYL 7hE
3 Fe A AUl Tk B AFME oY
opel Al &EH e E’—ﬁé 71418 (model
updating method)”"! ¥ oA A F A& (Taguchi
DOE)E AMg&-3to] 174 ’54_74]%_— 33}3;11:}

2. {FuYd FIXY AR

2 a7 ol HFaA BXAEXY 7R
HAS Fig. 1 o, 2 AYLE Table 1 o 44 =
K eA= oA FA = FAA F(arm rest), 3T
(bottom), 2 7N¢] SHF(side) 13 F(head)E
TAET 2 79 39 AR AX S A =¥
< Fig. 2 o JEFAAH.

=] =7
AT

Table 1 Specification of spine manipulation device

length 2520mm
height 2200mm
width 920mm
weight ~ 400kg
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I connection
Fig. 2 Spine manipulation device with subassembly
connection details
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Flg 3 Block diagram for acceleration data acquisition
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Fig. 4 Accelerometer locations for vibration measurement

Table 2 Measured natural frequencies & mode shapes

Direction of head displacements
Mode | Frequency | (rear, front) with respect to bottom
(see Fig. 1}

=5 X—Za-"ﬂ tjate]

1st 3.4 Hz Y — direction
2nd 73 Hz X — direction, Z-direction
0,007~ front

rear

0,005~

displacement [mm}
I
o]
%

0.0 —

3 313233343536 373833 4
Time {sec}
Fig. 5 Displacement in X-axis vs. time
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Fig. 6 Displacement in Y-axis vs. time
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Fig. 7 Displacement in Z-axis vs. time
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Fig. 8 FFT plot of X-axis displacements
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Fig. 9 FFT plot of Y-axis displacements
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Fig. 10 FFT plot of Z-axis displacements
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Fig. 11 1st FE model for pre-analysis

Table 3 Pre-analysis result of the 1st FE model
Direction of head displacements
(rear, front) with respect to bottom

Mode | Frequency

1st 4.0Hz
2nd 6.2 Hz

X — direction, Z-direction

Y — direction

3.2.22 Xt OffH|3l 4

1 2 dquiddZdzge SHE47 M2 AFoldt
< Btk HFEuy R FxIte FA
2 WE g4 AAHAEH, H4 2P o
o] ®3tsl= 7 A&7 (boundary condition)S R}
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Fig. 12 2nd FE model for pre-analysis
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Table 4 Pre-analysis result of the 2™ FE model

Direction of head displacements

Mode | Frequency (rear, front) with respect to

bottom
1st 43 Hz Y — Axis
2nd 7.7 Hz X — direction, Z-direction

filler

™ channel

connection plate

Fig. 13 Detailed connection FE mode! for pre-analysis
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Table 5 Pre-analysis result of 3th FE model analysis

Direction of head displacements

M F
ode| Frequency (rear, front) with respect to bottom

Ist 34Hz Y - Axis
2nd 7.0 Hz X — direction, Z-direction
constraint of

all DOF

N

bottom part constraint

Fig. 14 Final FE model
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Table 6 L8(2") orthogonal array

run L1213 4,5.67 result of run
A|B C D
bttt fa Vi
2 i1 1212122 V2
3 b 21211714122 v3
4 L2722 2111 V4
5 211,212 |12 Vs
6 (2|1 22 1|21 Vs
7 12 Tt 21211 A2
g 2 20112 Vs

Table 7 Element types in the final FE model

part Element type | Number of element
Channel,
bolt, filler Beam (4node) 522
Connection
plate Shell (4node) 184
Boundary
condition Spring (2node) 2
ddHes Aerted AAJIAE BAAY
g fy’-ﬂ]]o]r;} we onZe A9Es =Ao U
F71 g 4 wrAfe QdFA 7 <l
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Table 8 Design parameters & levels of the 1st analysis

symbols design parameters level 1{level 2

A connection between bottom
and side (60%60 channel, No Yes
thickness 3, length 415)

connection between head

and side (60%60 channel, No Yes
thickness 3, length 415)
horizontal connection in the
side frame (60%60 channel, | No | Yes
thickness 3, length 496)
supplementary panel

in the side frame No Yes
(4961540%3 panel)

(unit mm})

design parameter C design parameter B

design p ter D
design parameter A

2rrer 1Rt
e SRS CORETRIY
Fig. 15 Design parameters for the 1% analysis
unit: Mz

4.1 -

d//\

3.3

Al A2 B1 B2 €1 C2 D1 D2

design parameter

Fig. 16 Mean value analysis for the parameters in Table 8
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Fig. 17 FE model and design parameters for the 2nd
analysis

Table 9 Design parameters & levels of the 2nd analysis
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Table 10 Design parameters & levels of the 3rd analysis
Level 1 (Level 2

design parameters
connection between bottom
A and side (6060 channel, No Yes
thickness 3, length 415)
connection between head
B and side (60360 channel, No Yes
thickness 3, length 415)

symbeols

symbols desi 1 Level 1 | Level 2
th Thf;flz sitr??rfne::st cve cve Thickness of bottom frame
C 2mm | 3mm
A frame channel 2mm 3mm channels
B Thickness of bottom ) Thickness of head frame
frame channel min 3mm D channel 2mm | 3mm
Thickness of side frame
C 2mm 3mm
channels unit: Ha
Thickness of head frame ’
D : 2mm 3mm
channel 54
5.2
unit: Hz 5
53 48 -
5.2 ) 46
51 - 44
5 42 -
49 — 4
48 - B1 82 o1 D2
47 - design parameter
486 Fig. 19 Mean value analysis for the parameters in table 10
45
AL R Bl 82 a o p1 D2 5. dE
design parameter

Fig. 18 Mean value analysis for the parameters in table 9
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