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A. Modeling of the Slot-1 Curve 

• Base Coordinate ≡ B BB

• Jaw Coordinate ≡ J JJ

Pin
Pout

 in outP P=  (1) 

923



 ( )B
in in in in

dP f v f y
dt

= ⋅ = ⋅  (2) 

fin vin
B

d By T

 out out out out
dP f l
dt
θτ ω= ⋅ = ⋅ ⋅  (3) 

out fout
l

 B out

in

f l
y

f
θ⋅ ⋅ Δ

Δ =  (4) 

By
By

 B B out

in

f l
y y

f
θ⋅ ⋅ Δ

= +  (5) 

By By

B Base Coordinate B
Jaw Coordinate J

 J J B
B=  (6) 

J
B

θ θ
θ θ

−=

 Jaw Coordinate J

 

J B out

in

J B out

in

f l
x d y

f
f l

y d y
f

θθ θ

θθ θ

⋅ ⋅ Δ
= − +

⋅ ⋅ Δ
= + +

 (7) 

Jx Jy T J J

B. Parameter Determination of the Slot Curve  
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C. Simplification of the Slot Curve 
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D. Optimal Needle Gripping Position 
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E. Comparison 
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A. Finite Element Analysis 

B. Experimental Validations 
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