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ON THE EVOLUTE OFFSETS OF RULED SURFACES USING
THE DARBOUX FRAME
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ABSTRACT. In this study, using Darboux frame {T,g,n} of ruled surface
(s, v), the evolute offsets ¢*(s,v) with Darboux frame {T*,g*,n*} of (s, v)
are defined. Characteristic properties of ¢*(s,v) as a striction curve, distribu-
tion parameter and orthogonal trajectory are investigated using the Darboux
frame. The distribution parameters of ruled surfaces ¢,}*,¢;* and @} . are
given. By using Darboux frame of the surfaces we have given the relations
between the instantaneous Pfaffian vectors of motions H/Hl and H*/H*/,
where H = {T,g,n} be the moving space along the base curve of ¢(s,v),
H* = {T*,g*,n*} be the moving space along the base curve of ¢*(s,v), H’
and H*' be fixed Euclidean spaces.

1. INTRODUCTION

Differential geometry of the ruled surface is a important subject of the geometry.
A ruled surface can always be easily parameterized. These surfaces can be described
by moving a straight line along a chosen curve. Therefore, the equation of the ruled
surface can be written as

p(s,0) = als) + ve(s), [le(s)]| =1

where () is curve which is called the base curve of the ruled surface and the curve e
is also called the spherical indicatriz vector of the ruled surface. The ruled surfaces
are very useful in many areas of sciences for instance Computer-Aided Manufactur-
ing (CAM), Computer-Aided Geometric Design (CAGD), geometric modeling and
kinematics.

Another special subject of geometry is differential geometry of the curves. The
geometers are defined some different offsets of curves for example the involute-
evolute, Bertrand, Mannheim and Smarandache. Offsets of curves generally more
complicated than their progenitor curve. The involute and evolute of a curve were
discovered by Christian Huygens in 1673, [I]. An evolute offsets of a given curve is

Received by the editors: October 19, 2017; Accepted: January 08, 2019.
2010 Mathematics Subject Classification. Primary 53A05; Secondary 53A25.
Key words and phrases. Darboux frame, evolute offset, ruled surface.

©2019 Ankara University
Communications Faculty of Sciences University of Ankara-Series A1 Mathematics and Statistics

1256



ON THE EVOLUTE OFFSETS OF RULED SURFACES 1257

some curves that always remains perpendicular to the tangent line to the progenitor
curve. In this case, the progenitor curve is called an involute. These curves also
have many applications in gear industry and business.

Properties of ruled surfaces and their offset surfaces have been examined in
Euclidean and non-Euclidean spaces. Ravani and Ku studied Bertrand offsets of
the ruled surfaces, [2]. Kasap and Kuruoglu (2006) investigated Bertrand offsets of
the ruled surfaces in Minkowski 3-space, [3]. Moreover, the involute-evolute offsets
of the ruled surface have been introduced by Kasap et al, [4]. Mannheim offsets
of the ruled surface is defined by Orbay et al., [5]. Yoon classified evolute offsets
of the ruled surface with constant Gaussian curvature and mean curvature and
investigated linear Weingarten evolute offsets in Minkowski 3-space, [6].

The ruled surfaces with Darboux frame (RSDF) are defined by Sentiirk and

Yiice, [7]. Bertrand offsets of the ruled surfaces with Darboux frame (RSDF) and
their properties are studied by Sentiirk and Yiice, []].
The involute-evolute curves which lying on the surfaces have studied by Bektag
and Yiice by using the Darboux frame of curves (D-curves, [9]. They obtained the
relations between kg4, 74, K, and s;, for a curve to be the special involute partner
D-curves. xj and 7 of this special involute partner D-curve are found.

In this paper, the evolute offsets of ruled surfaces with Darboux frame are de-
fined. The distribution parameters of ruled surfaces ., pg- and ¢y,. are given. By
using Darboux frame of the surfaces ¢(s,v) and ¢*(s,v), we give the relations be-
tween the instantaneous Pfaffian vectors of motions H/H and H*/H* , where H =
{T,g,n} be the moving space along the base curve of ¢(s,v), H* = {T* g*,n*}
be the moving space along the base curve of p*(s,v), H' and H*' Dbe fixed Euclidean
spaces.

2. PRELIMINARIES

Differential geometry of ruled surface and Darboux frame. A ruled surface
M in 2 is generated by a one-parameter family of straight lines. The straight lines
are called the rulings. The equation of the ruled surface can be written as,

p(s,0) = als) + ve(s), [le(s)]| = 1

where () is curve which is called the base curve of the ruled surface and the curve,
which is drawn by e(s) on the unit sphere S? is called the spherical indicatriz curve
and e is also called the spherical indicatriz vector of the ruled surface, [2]. The ruled
surface is said to be a noncylindrical ruled surface provided that < ez, es > 0.

The striction point on ruled surface is the foot of the common perpendicular
line of the successive rulings on the main ruling. The set of striction points of the
noncylindrical ruled surface generates its striction curve, [2]. It is given by

< ag,e5 >
c(s) = a(s) — <es77es>e(s). (2.1)
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Theorem 1. If successive rulings intersect, the ruled surface is called developable,
[2].

The distribution parameter of the noncylindrical ruled surface is identified by,

2]
dt Sy ) S
p, — detlas, e €5) (2.2)
< eg,eg >

Theorem 2. The ruled surface is developable if and only if P, =0, [2].

A curve which intersects perpendicularly each one of rulings is called an orthog-
onal trajectory of the ruled surface. It is calculated by

< e dp>=0. (2.3)

Since «a(s) is a space curve, there exists the moving Frenet frame {T,N,B}
along the curve. The unit normal vector field of the ruled surface is n. We can
define g = n X T unit vector, which satisfies < T,g >=< n,g >= 0. (Darboux,
1896) Therefore {T,g,n} is a Darboux frame the ruled surface. The derivative
formulae of the ruled surface with Darboux frame can be defined by

T 0 kg kn| |T
g| = | —Kg 0 74| |8 (2.4)
n —kp —Tg O n

where k4 is the geodesic curvature, %y, is the normal curvature and 74 is the relative
(also called geodesic) torsion of a(s). In this paper, we prefer using "dot" to denote
the derivative with respect to the arc length parameter of a curve and "prime" to
denote the derivative with respect to the arbitrary parameter of a curve.

3. ON THE EVOLUTE OFFSETS OF THE RULED SURFACES WITH THE DARBOUX
FRAME

Let ¢ (s,v) with Darboux frame {T,g,n} and ¢* (s,v) with Darboux frame
{T*,g*,n*} be two ruled surfaces in E>. ¢ (s,v) is said to be an involute offset
of ¢* (s,v) or ¢* (s,v) is said to be an evolute offset of ¢ (s,v), if there exists a
one-to-one correspondence between their points such that T of ¢ (s,v) and g* of
©* (s,v) are linearly dependent.

A unit direction vector of a straight line e* of ¢* is spanned by the orthonormal
system {T*,g*} . So €* can be written as:

e* = T" cos ¢™ + g* sin ¢* (3.1)
where ¢ is the angle between the vectors T* and e*.
The Darboux vectors of involute offset p* of ¢ are given by
T 0 cosy —siny T
g =11 0 0 g |, (3.2)
n 0 sinvYy costy n

*

*
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where v is the angle between n and n*. The equation of the offset surface ¢*, in
the terms of the base curve of ¢ and {T, g,n} Darboux frame, can be written as

P (5,0) = a(s)+ve" (5)
= a(s)+ R(s)T(s)+v[Tsing" +gcos¢” cosy) —ncos¢”sine)]

a*(s) e*(s)

(3.3)
where R(s) is the distance function between the corresponding points. The distance
function is calculated as R(s) = (¢ —s), [9].

Theorem 3. Let (¢, ¢*) be a pair of the involute-evolute RSDF. Even if ¢ is a
closed ruled surface, p* is never a closed surface.

Proof. Let ¢ be a closed RSDF. Then, a(s) and e(s) are closed curves. From
the equality a* (s) = a(s) + (¢ —s) T (s), R(s) = ¢ — s distance function is never
closed. 0

We can find the vectors e* and e;* in terms of Darboux frame {T,g,n} . e*
can be written as

e* =Tsing" + gcosg” costh — ncos d* sin1p, (3.4)
e;* provides the following equation
e,* = Tcos¢” (¢*' — Kg €SV + Ky siny)
+g [sin¢* (kg — ¢* costp) + cos ¢* sinep (1, — ¢')] (3.5)
+n [sin ¢ (k, + ¢ sin Y) + cos¢* cos (14 — )] .
We can write the striction curve of the noncylindrical RSDF ¢* as follows:

c(s) = a(s)+(c—5)T(s)—(c—29) (3.6)
cos @ (14 — ') (Kgsine + Ky, cos )
( +sin¢* [ky% + Ky % + ¢*' (Knsine — ki, cos V)] )
sin2¢” (14 — ') (kg sine + K, cos 1)
+¢* [¢*/ + 2 (K sinty — kg cos )] +sin®¢* (k2 + K,2)
+cos?¢* {(Tg — wl)Q + (kg cOSY — Ky sin zp)ﬂ

e*(s)

where ¢*' = 22 ¢/ = 2 (s)
We can write the distribution parameter of the noncylindrical RSDF ¢* as fol-
lows:
det 8*7 *a * - - nhl X €, *
P — et (a *e2e5)2<(c s)ngg—l—(c*sz)mn e, es") 3.7)
les*|| les™]|

or
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cos ¢ sin@* (14 — ¢') (Knsiny — kg cos )
— (™) (K, costh + Kgsiny)
+cos?p” (kg sint) + Ky, cos ) (kg coSY — kp sing)
sin2¢" (74 — ') (kg siny + kK, cos )
+¢*' [(b*’ + 2 (K sing — kg cos)] +sin’¢* (kg% + £,2)
+cos2p* [(Tg — w')Q + (kg cOS Y — Fip sinQ)*

P =(c— )

(3.8)

*!/ __ do 1 dy
where ¢ = s’ = ds-

Corollary 1. Let (¢, 9*) be a pair of the involute-evolute RSDF. In the case of
@* =90°, ©* ruled surface is developable.

We can find the orthogonal trajectories of RSDF ¢* and the distribution para-
meters of the ruled surfaces ¢i., ¢z. and ¢j.. From the equation (2.3), we can
write the orthogonal trajectories of ¢* as follows:

(e*, as*)ds = —dv,
(3.9)
(¢ — s)cos @™ (kg cosy) — Ky siny) ds = —dv.
and from the equation (2.2), we can write the distribution parameters of the ruled
surfaces @i, pg- and @ as follows:

Pp. — detlas" T )

T2 -
_ det(as*,g%,gs") _ det((c—s)kgg+(c—8)knn,T,kgg+Krn,n) _
Py = legs*11? - (kg2 +rn?) =0, (3.10)
P. = det(as*,n*,n;*) _ (c—3) (kg sinp+ry, costp) (kg cos P —kKy, sin 1)
n* 2 =- ; 2 . 2 :
[l *]| (d)f‘ry) +(kg sinp+ky cos )

Corollary 2. ¢g. ruled surface is developable.

Corollary 3. Let (p,*) be a pair of the oriented (v = 0°) involute-evolute ruled

surfaces. Then,
. det (as*,n’;, n') (= 8)Rgkn (3.11)
g™ || Tg? + Kp?

Corollary 4. Let (¢, *) be a pair of the oriented (1p = 90°) involute-evolute ruled

surfaces. Then,
det (as*,n*, ng* C— S) Kgkn
. = detlel whm) (e 8) mghtn (3.12)
[ ] Ty~ T hy

We can find the relations between the instantaneous Pfaffian vectors of motions
H/H and H*/H*, where H = sp{T,g,n} be the moving space along the base
curve of p(s,v), H* = sp{T*,g*,n*} be the moving space along the base curve
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of ¢*(s,v), H' and H* be fixed Euclidean spaces. Let ¢ (s,v) with Darboux frame
{T,g,n} and p*(s,v) with Darboux frame {T*, g*, n*} be two ruled surfaces,
which are the involute-evolute offsets.

Because of the equation (2.4), we get the Pfaffian forms (connection forms) of
the system {T,g,n}

w1 = Tg
Wo = —Kp (3.13)
w3 = Kg.

For the instantaneous Pfaffian vector of motion H/H', we have

w=w1T + wsg + w3n. (3.14)
Similarly, we can give the following equations:
g
x/
g =
x/
n
_ 0 (Knsiny — kg costp) s’ (rg—0") s
(kg cost — Ky sine) s’ 0 (Kgsinty + Ky, cos ) s’
(W —74) s — (Kgsinty + Ky, cos ) s’ 0
T*
x| g*
- n*

(3.15)

where ddss* = s’. Thus for the Pfaffian forms of the system {T*,g*,n*}, we get

w1 = (kgsiny + ky cos) s’ = (wgsiny — wy cos ) s’
wyt = (¢ —7g) 8" = (¥ —w1) &’ (3.16)
w3* = (kpsiny — kg costp) s’ = — (wa siny + wg cos ) s’

For the instantaneous Pfaffian vector of motion H*/H* | we have

w* = [(wssing —wzcos ) T* + (¢ —w1) g* — (w2 sint + wz cosy) n*| 5.
(3.17)
From the equation (3.2) we get
w'=(—w+'g*)s. (3.18)
Example 1. We can write the hyperboloid of one sheet as
1

¢ (s,v) = (3cos g, 3sin ;O) + vg (—3sin %, 3 cos 2,4) . (3.19)

If we take ¢" = 45° and p = 45°, the involute offsets of this ruled surface are

P* (s,v)= (3005% —(c— s)sin%,SSing +(c—s) cos%,O)



1262 GULSUM YELIZ SENTURK AND SALIM YUCE

1
—&—1)5 (—\/ising — cos g, \/5008% - sin%, 1). (3.20)

We can see these surfaces in fig. 1, here we take ¢ = 3 in the equation(3.20).

F1cURE 1. The involute offset of hyperboloid of one sheet and its
base curve with ¢* = 45° and ¢ = 45°

Example 2. We can write the cylinder as
©(s,v) = (cos s,sins,0) +v(0,0,1). (3.21)
If we take ¢" = 45° and ¢ = 45°, the involute offsets of the cylinder are
©* (s,v) = (cos s — (¢ — s) sin s,sin s + (¢ — s) cos s,0)
(3.22)
-3 (\@sins + coss, —v/2coss +sin s, 71) .

We can see these surfaces in fig. 2, here we take ¢ = 3 in the equation (3.22).
If we take ¢" = 30° and ¢ = 60°, the involute offsets of the cylinder are
©* (s,v) = (coss — (¢ — s)sin s,sin s + (¢ — $) cos s, 0)
3.23
e (3.23)

ECAY 3 _ 3 & _¥3
2(51ns+20058, cos s + 35 sin s, 2)

We can see these surfaces in fig. 3, here we take ¢ = 3 in the equation (3.23).

Theorem 4. Let o and o* be two curves in RSDF ¢. a and o* are the involute-
evolute offsets if and only if a is a asymptotic curve.

Proof. a and o* are the involute-evolute offsets in ¢, hence we can write a* (s) =
a(s) 4+ (¢ — s) T(s). Since a* is a curve in ¢, then the normal of the ruled surface
n (s) must be orthogonal to o (s),

(' (s),n(s)) = {(c = 5) [1548 (5) + rnn (5)] 1 (s)) = (c — 8) i = 0.
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FIGURE 2. Cylinder (colored with blue) and the involute offset of
the cylinder with ¢* = 45° and ¢ = 45°

F1GURE 3. Cylinder (colored with blue) and the involute offset of
the cylinder with ¢* = 30° and ¢ = 60°.

If the distance function R(s) = ¢ — s is equal to zero, then « and «* are the same
curves. For this reason, k,, is equal to zero and so « is a asymptotic curve.

Conversely, « is a asymptotic curve. In this case, we can write T(s) = r,g(s).
The following equation must be available to o and o be the involute-evolute offsets

a* (s) = a(s) + (c—s) T(s).

We can find the vector a*’ (s) from this equation as a*' (s) = (¢ — s) k48 (s). The
normal of the ruled surface n (s) is orthogonal to a*'(s). So o and a* are the
involute-evolute offsets in RSDF . O
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