Week 9

Akshay Harlalka



Work completed at the end of Week 7

* Both LM Modules Manufactured.
* Testing of the modules completed
* Error Model (Geometric and Load Induced) implemented

Manufacturing

Backside of the carriage Both Modules Manufactured



Work done in Week 9

* Selection of the leadscrew — Analysis including shaft whip and
bending and buckling

 Selection of bearings — using the radial and thrust forces
» Sketch Model of the leadscrew Mounting

* SolidWorks Model of the T-Base Assembly (Rough)
 Geometric Error Model of the complete Machine.

* Seek and Geek 9



Leadscrew Selection - Analysis

Buckling Analysis

[ - N oo the evikeal  LudMi Lok )\"OJ‘"L ehleaat (e
buc‘tl;.\’ An‘[ gis : |
L 3 - ,(0,,._6 ' et ' Aivedion

e,1u~( e e

/‘, %% - T Z 68N
ﬂﬂci//:____‘__ ______ é?‘ P l

/,‘ ovea

/

&Mio(v(mx - FOS 'S X

_n\tr &&\\‘X .wl.sl" & dene {.( P ,{;..l- ,{;..L Condikion
. P > 2382

Contpe. Bty Lok () - 4 EL

g 2
- 3 .
Vv = ‘f rn (340/-:")—‘“-—‘1- (0{“> 2 plL( _ QZ _525 C\N’) (CLD

yn* Cwomf’:‘b

¢ &;}“
2 0Q = O -Ghb v A
At - Por C1E) x ¢y E' ’__/,l

“n* CuOAmi) rt M



Tom
Sticky Note
Are you sure your setup will be fixed-fixed? for a back to back bearing pair at one end and a single bearing at the other, the setup might look more like a fixed-supported arrangement

For a fixed-supported shaft the buckling load looks like what you have but with a factor of ~2.04 instead of 4


Leadscrew Selection - Analysis

Shaft Whip Analysis Lead screw needs to be operated below

950 rpm! Actual operation speeds will be
much lower than this
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Leadscrew Selection - Analysis

Misalignment Budget Analysis & - M § Fuy, CA/L> ) Fly
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Leadscrew Selection - Analysis

Misalignment Budget Analysis
(Test Case: Assuming Carriage at centre of leadscrew)
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Leadscrew Selection - Analysis
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Leadscrew Selection

Data

Buckling Load = 26,821 N

Shaft Whip Frequency = Refer to graph (Function of carriage position)

| already had a 8mm leadscrew with 2 mm lead. The antibacklash nut also came as part of the same set. So, |
did not want to make changes to the design.

Following the analysis shown in the previous slides, it was clear that the selected leadscrew will meet the
requirements.

Reasons why this leadscrew was ordered

Cheapest available
Also came with the anti-backlash assembly



Sketch Model and Link to Video

Link to video



file:///C:/Users/Akshay/Desktop/2.77/Week 9/VID_20180407_144942935.mp4
Tom
Sticky Note
Try to mount the lead nut at the center of your carriage rather than at the back so you are actuating it at the center of stiffness 

Tom
Sticky Note
I don't know if these are the 608RS bearings you mention on the next page, but if your leadscrew can slide through the ID of the bearing without being turned down then how do you plan on making a shoulder for the bearing and nut to preload the shaft? 


Bearing Selection

| already had 608 RS bearings

The equivalent static load rating for the bearing is given by; in stock before hand so |
wanted to check if these can
Po = Xg Fe + Yo Fy be used directly

In this case Fa/Fr <e and is close to zero as the axial load is 10 times
lesser than the radial loads.

Assuming a factor of safety of 1.4,

Equivalent Radial Static Load = 1.4*200 =280 N

Therefore, the 608RS bearing can meet the requirements!!

| needed the ID of the bearing to be 8 mm

»

For the 608RS bearing the Basic Static load capacity =1350 N
Dynamic load capacity= 3390 N


Tom
Sticky Note
8mm ID for your 8mm leadscrew? Shouldn't it be a smaller ID so you can turn down the screw to make a shoulder for preload and axial constraint?


Plan to mount the |leadscrew
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Tom
Sticky Note
Prof. Slocum already mentioned this in class but this setup is mainly only used in ultra high speed machines. Consider a back to back setup at one end with a support bushing or bearing at the other end 

Tom
Sticky Note
In this arrangement the nut + spring washer prevents axial play, but it does not preload the bearing. You have to find some way to load the inner race with respect to the outer race


Handwheel Selection
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Geometry of the Machine

Please refer to error budget spreadsheet for the updated error model for this system



Appendix

Calculations for Misalignment Budget
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Tom
Sticky Note
It's helpful to redefine a and b with respect to the carriage position X so you have stiffness as a function of carriage postilion 


Appendix

Matlab Code for Misalignment Analysis

yield=250;

E=200000;

d=5.5;

I=(3.142/64)* (d)"4;

y=d/2;

a=(10:1:115);

1=200;

leff=115;

k=1-a;

EMay=yvield*I/v:

fay=BMay*® (1"3) ./ (2. * (b."2.*(a.™2))):
retiffness=(3*E*I* (1"3)) ./ (a.”3.%(b.™3)):
Bucklingload=4* (pi~2)*E*L/ (leff™2)
Shaftwhip=sgrt (rstiffness/0.08) % (30,/pi)
thetal=0.0037]

thetaZ2=0.00&5

theta3=0.009

deltal=thetal.*a:;

deltaZ=thetal.*a;

delta3=theta3.*a;
Fexpl=deltal.*rstiffness;
FexpZ=deltaZ.*rstiffness;
Fexp3=delta3.*rstiffness;

ftplot (a, fay, 'b—"',a,Fexpl, 'r',a, Fexp2, '

plot (a, Shaftwhip)





