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Design worksheet for a 4-dof leadscrew nut flexure stiff in the axial and torsional windup
directions

This is the analytical modeling for a two-stage flexure which decouples misalignments from the
output stage. | refer to the intermediate stage as stage 1 and the output as stage 2, blades are
subscripted with b and wires with w.

Beam parameters

E := 70-GPa Elastic modulus E:=E
L, = 40-mm Beam length L, =L,
ty := 0.5-mm Beam thickness ty =ty
b := 0.45-in Beam depth b:=b
Oymax == 200-MPa Max allowable stress Omax = max
e Stage 1 definitions
Blade
llb := 10-mm
blb = 15-mm
tp = 0.5-mm
Wire
llw = llb = 10-mm
blw = 0.5-mm
tiw = 0.5-mm
Spacing between blade plane and wire plane
ny =2 Number of wires
dlbw = 15-mm
dlww := 10-mm
e Stage 2 definitions
Blade
12b := 10-mm
b2b = blb = 15-mm
thy = 0.5-mm
Wire
ly = 8-mm
b2w = blw = 0.5mm
tw = b2w = 0.5-mm
Flexure spacings
dyyyyy = 10-mm Distance between wires (height of stage)



drpp = 10-mm Distance between blades (width of stage)

Derived parameters
e Cross sectional areas

2
Alb = tlbblb = 7.5-mm

2
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AZb = tzbbzb = 7.5-mm
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e Moments of inertia
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I oy = 3
Iwyy "~ E'tlw'

byy = 5208 x 10 -mm”
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IleX = Etlb blb = 0.156-mm
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Ilwxx = E'tlw 'blw =5208 x 10 ~-mm
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IZwyy = E'tZW'b2w =5208 x 10 ~-mm
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Iszx = Eth b2b = 0.156-mm
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byy = 5208 x 10 *-mm”

Iyy = i~b-tx3 = 0.119~mm4 Area moment of inertia along the YY axis (the 'weak' axis)
12
Ko = ﬂ 1563 . _ _ .
fg: 3 ’ mm Stiffness of a single fixed-guided beam
LX
ky = 2-kfg = 3.125~1 Factor of 4, since there are four beams per stage;
mm Factor of 1/2, since there are two stages in series

Applied loads and resulting displacements, stresses
F = I'N

= 0.32-mm Stage displacement



Maximum stress in the beam - assume this occurs at each end of the beam (fixed-guided), at the
top and bottom fibers'
(Howell pg 410)

L
M, = Fy-— = 20-N-mm  (at both ends of beam)
2
tX
My-?
o, = = 41.995-MPa
IYY

Given a maximum allowable stress, what is my maximum displacement?

L 2
x "Fxmax 3048
X = — = 3.048-mm
max 3B,

With two sets of these flexures in series, | can travel twice as far

A(}M:: 2-Xax = 6-095-mm

Stiffness between ground and intermediate stage

X  Blade bends about its stiff axis

12'E'Ilbyy N Dont forget shear correction factor!
kipg = ——— = 118.125.—
3 pm
b
12-E-1
Ky = —— 4375 % 1070
3 pm
Nw

N
le = 2k1WX + kle =118.134-—

pm
Y  Stiffness in the blade and wire axial direction
E-A
1b N
Kjpy = =52.5—
b wm
Ky = L 175
Iwy ly : pum
N
ki,:=k +nqk = 56—
ly 1by Iw *lwy pum
Z Blade bends about its weak axis
12-E-1
1b N
Kjpy = —— = 0.131.—
| 3 pm
1b
12-E-1
1 -3 N
Kpyy = ———% 4375 % 107 >
3 pm

llw



N
kqy, =2k +k =0.14—
1z 1wz 1bz wm

0x  Stage tries to twist about leadscrew axis (X)

Kin,ny. -k
) by " 1w * 1wy 2 N-m
kiox = iy = 738281 —
by T Mw 1wy ra
@y  Stage yaws about Y
K Kbx M w K1wx d 2 1.969 N-m Blade tries to bend against its stiff direction
10y = Glow T I
Y klbx v nlw'klwx rad

0z Stage pitches about Z

1 3 E N-m Blade contribution:

12 b rad Moment bending about cantilever tip

Kiwy Kiwy 2 N-m Wire contribution: push-pull pair
Ky g, = ————-d = 87.5—
w0z Kk Kk Iww d
lwy T Xlwy ra
: 3 Nm Combine the equivalent stiff
K102 = K1boz + K1woz = 1.072 x 10 T ombine the equivalent stiffnesses

Stiffnesses between intermediate stage and output

X Sum of blades bending in stiff direction and wires bending

12'E'12byy N Individual blade bending in stiff direction
ksz = ————— =118.125-—
12b3 pm Apply shear correction factor!
12-E-1
2 ~3 N
Koy = ———2 — 8,545 % 107 >-——
3 m
| "
2w
N

ks, = k + k =118.134-—
2x 2bx 2wWX pm

Y Sum of blade bending in compliant direction and wire bending

o 2P o N
Zby 3 - . .mm
b
12-E-1
2WXX N
k2wy = = 8545~E



N
ks, = 2k + 8k =0.331-—
2y 2by 2wy um

Stiffness in the axial direction

E-A
2b N
k2bz = =525 ——
126 pm
E-Apy N
Kyyy = —— = 2.188-—
Dw pm

N
k,, =2k + 8k =1225-—
2z 2bz 2wz um

Stiffness in the leadscrew windup direction

Resisted by axial stiffness of wires and
Contribution of wire flexures bending stiffness of blade

1 2 N-m
k =k || —-d = 54.688-——
2wOx 2wz (2 ZWWj rad

Contribution of blade flexures
N-m

2
1
k2box = k2by'(5'd2bbj = 3281

N-m
k26x = 8k2w9x + 2'k2b9x = 444.063-5

Stage 2 roll direction stiffness
Wire contribution: bending

N-m

2
1
k2w9y = kZWX'(E'deb) = 0'214'E

Blade contribution

1 3 E N-m
k = — -ty by — = 984.375-——

3 N'm

Stage 2 pitching stiffness

N-m Wire flexures bend

2
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Kopgz =1



kygz = 8-koyp, + 0

Resulting output stiffnesses

Constrained directions

Unconstrained directions
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