Variables, Definitions, Assumptions

Angle = a
Angle of perpindicular-to-tangent line = 7 = 90 — /2
Slope of perpindicular-to-tangent line = s = tan(1)

Base circle radius = ry,
Base circle center is located at (0, 0)
Location of tangent point on base circle = (' by, b, ) = ('r» * cos(t), ry * sin(1) )

Lift=1

Nose circle radius = r,,
Nose circle center is located on the vertical center line above the base circle center
Location of nose circle center = (' ny, n, )

Unknowns:

Location of flank circle center = (x, y )
Radius of flank circle = r

Equivalencies:

y = sx (because the center of the flank circle is located on the perpindicular-to-tangent line with slope s)
b, = sb (because the tangent point is located on the perpindicular-to-tangent line with slope s)

n, = 0 (because the nose circle is on the vertical center line)

n=rnr,+Il-ry

Useful constants:
Letk = (1+s?)

Let u = 2nys - 2kb, = 2(n,s - kby)
Let v =kb - n/ - r,’



Radius of flank circle, r

r=v(x=b,+(y-b )

= \/(x—bx)2+(sx—sbx)2

= \/(x2—2bxx+bi)+(szx2—252bx x+s°b?)

= (x*+5°x))+(—2b,x—25"b,_x)+(b*+s’b?)

= xX(1+5°)—-2b x(1+5*)+b*(1+5°)

= \/(1+52)(x2—2 b, x+bi)

= Vk(x*~2b, x+b’)

= JkX*—2kb x+kb
or = vk(x=b)

or = +vk(x=b,)

Distance from flank circle center ( x, y ) to nose circle center ( ny, ny ), d,

d,=V(x=n)+(y—n,)

= V(x—0\+(sx—n,}

= \/x2+(sx—ny)2

— 2 2 2 2
= \/x +S X —2nysx+ny

= (1+s")x’~2n sx+n’

_ 2 2
= \/kx 2nysx+ny



If flank circle is tangent to nose circle, then r = d, + r,

r=+k¢ —2kb x+kb’

dnzx/kxz—Znysx+nf, -

Vi =2kb x+kb> =k —2n sx+n+r,

kx2—2kbxx+kbi:kx2—2nysx+ni+2rn\/kx2—2nysx+ni+ri

k=2 kb, x+kb’—kx*+2n  sx—n’—r?=2r \k~2n, sx+n’

2n,sx—2kb, x+kbi—ni—ri=2rn\/kx2—2 nysx+ni

(2n,s-2 kb.) x+(kbi—ni—ri)=2rn\/kx2—2 n‘ysx+n2y

ux+v:2rn\/kx2—2nysx+ni
u2x2+2uvx+v2=4ri(kx2—2nysx+n§)
u2x2+2uvx+v2=4rikx2—8rinysx+4rin2y
U’ X’ +2uvx+v' —Arikx’+8ran,sx—4ryn,=0
(u* X — 4rokx’ )+(2uvx+8rypn, sx )+(v'—4ran})=0
(u—4r;k)x*+(2uv+8ron,s)x+(v:—4r,n})=0

In standard quadratic equation form, ax’* + bx + ¢ = 0,
a=u'—4r-k
b=2uv+8rinys

2 2.2
c=v —4r,n,



