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Figure A.4: Free Joint Angle (� f ) with Flexure at Initial Position and Maximum Free Joint
Position

F is the vertical length component of the connecting bar to the initial centerline.

C =
hf
2

+ r1 (A.3)

C is the minimum distance from the center of the roller to the center line of the flexure
when in contact.

G =
(F ∗ C +

√
A4 + A2 ∗ F 2 − A2 ∗ C2)
A2 + F 2 (A.4)

E =
F∗
√

−A2∗(−A2−F 2+ C2)
(A2+ F 2) + ( (F 2∗C)

(A2+ F 2) − C)
A

(A.5)

G and E take the resulting triangles, and apply the law of sines and cosines to the triangles
formed from the above line segments to get the horizontal and vertical components of the
triangle formed with the free joint angle, � f .

� f = arctan (
E

G
) (A.6)

Figure A.5 shows different force-deflection curves that the joint will have at various
contactor angles. Note that VSA will have a continuous range for free angles and
stiffnesses, not just the discrete ranges being shown.
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Figure A.5: Force-Angular Joint Deflection Curve for Free Joint Stiffness Selection Angles
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APPENDIX B

APPENDIX B: MANUFACTURED PART DRAFTINGS

B.1 Assembly Plan

See below for the assembly plan for the VSA. Refer to the CAD model for orientation and
location of all parts.

1. Ensure all part dimensions are correct, and all burrs have been removed.

2. Insert Sleeve A into Shaft C and Shaft D

3. Insert Shaft F into Shaft C, D and Sleeve A

4. Add snap ring onto Shaft B

5. Insert Bearing into Plate, Bottom

6. Insert Bearing into Plate, Bottom

7. Insert Bearing into Plate, Middle

8. Insert Bearing into Plate, Top

9. Insert Shaft C and Shaft D into bearings on Plate, Middle

10. Secure Shaft C and Shaft D in place with snap rings

11. Insert Gear N32 onto Shaft D

12. Insert Gear N36 onto Shaft C

13. Add snap ring onto Shaft C and Shaft D

14. Insert Shaft B into bearings on Plate, Top

15. Insert Gear N21 onto Shaft E

16. Add snap rings to Shaft E

17. Insert Shaft E into bearing on Plate, Top

18. Add snap rings to Shaft E

19. Add Bevel Gear (Modified) to Shaft B

20. Secure with Bevel Gear (Modified) with Collar

21. Insert Gear N16 to Shaft B
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22. Add additional snap rings onto Shaft B

23. Insert Shaft A into bearings on Plate, Bottom

24. Add snap rings to Shaft A

25. Insert Flexure onto Shaft A

26. Add snap rings to Shaft A

27. Insert Plate, Middle into Cylinder, Link i+1

28. Align Plate, Middle to the proper location

29. Add fixturing shafts to Cylinder, Link i+1

30. Attach Plate, Bottom to Cylinder, Link i+1 with screws

31. Insert Gear N18 above Bearing on Plate, Middle, meshing with Gears N36

32. Lower Plate, Top into Cylinder, Link i+1, aligning Shaft B to Gear N18

33. Secure Plate, Top to Cylinder, Link i+1 with screws

34. Remove fixturing shafts

35. Add snap rings to Shaft D at Plate, Top

36. Add snap rings to Shaft C and Shaft D at Plate, Bottom

37. Add Connector Motor Small to Bevel Gear

38. Add Connector Motor Large to Bevel Gear

39. Take Bevel Gear with Connector Motor Small and align with Maxon DCX10L Motor
Mounting Location

40. Add epoxy to threads on Maxon DCX10L Motor Mounting Location, wiping off
excess

41. Insert Maxon DCX10L Motor into mounting location, ensuring shaft is properly
inserted into Connector Motor Small

42. Screw Maxon DCX10L Motor into Cylinder, Link i+1

43. Insert bearings into Cylinder, Link i A

44. Screw Cylinder, Link i A and Cylinder, Link i B together

45. Insert Plate, Bottom into Bearing on Cylinder, Link i A

46. Add snap ring to Plate, Bottom
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47. Insert bearing into Cylinder, Link i B

48. Insert Connector Motor Large into Bevel Gear

49. Insert Bevel Gear without Connector Motor Large into bearing on Cylinder, Link i B

50. Align Bevel Gear containing Connector Motor Large with Maxon DCX22S Motor
Mounting Location

51. Insert Maxon DCX22S Motor into mounting location, ensuring shaft is properly
inserted into Connector Motor Large

52. Secure Maxon DCX22S Motor to Cylinder, Link i B with screws
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B.2 Draftings

Below are the draftings for the custom and modified parts.
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