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COWPUTER OPTIM ZI NG OF BEVEL ANGLES
VWELDED PIPE JO NTS

By

Professor H W Mergler
Case Institute of Technol ogy

ABSTRACT

The nost common nethod for preparing the bevel -angle for
wel ded pipe construction is to keep it at a constant val ue (say
37 degrees) around the entire periphery of the branch pipe.

Thi s paper explores the "optimzed bevel -angle" as a function of
pipe radii, wall thicknesses, centerline offset, and
Intersecting angle to keep the resulting weld cross section
constant and thus mnimze the weld volune while insuring
clearance for total weld penetration. The advantages of using
the "optimzed bevel angle" are denonstrated by conputer

sinmul ation for pipe dianeters from4-1/2" to 24" for wal

t hi cknesses over the range of 0.237" to 1.312". The ratio of
the fixed bevel weld volune to the optim zed bevel weld vol une
are shown to range from1.5 to 5 which inplies phenonenal
reductions in the attendant welding tine.
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Conputer Optinmizing of Bevel Angles for Wl ded Pipe Joints
by

Prof essor H W Mergler
Case Institute of Technol ogy

Introduction - This paper is based on the follow ng statenents

1. Pipe joint welding tines are directly proportional to the
applied weld vol une.
2. To optimze (mnimze) the joint weld volume requires the
preparation of the nechanical joint such that the beve
angle f3 of the branch conponent be optimzed along its
periphery as a function of the outside radii of the joint
components R_ (main), and R, (branch), the wall thickness
of the branch Tb' the angle of intersection of the joint
conponents 0, the offset of the centerlines of the joint
conponent s XO, two practical boundary limts on mnimm
and maxi mum val ues of B dictated respectively by the de-
structive burning of the joint |ip and torch accessibility
for total weld penetration and the independent variable ¢
defining the position along the periphery of the branch
where the local value of Bis defined. These parameters
are shown in Figure 1.
The inplied calculation in (2) above is straight-forward though
form dable. This paper will discuss the computations necessary to de-.
fine the locus for the branch saddl e as a function of the above nentioned

variables as well as of the determination of the optimzed bevel angle.
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Figure 1.

A Generalized Joint Configuration.



From these expressions the inplied optimzed weld vol ume may

be deternmined and this weld volume will be shown to be dramatically

smal l er than those of pipe joints prepared with a constant bevel angle.

Synbol s

X,y,Z - a reference coordinate frame

z, - a linear cylindrical coordinate (a function of @
defining the branch saddle profile

R, - the outside radius of the main conponent

Ry - the outside radius of the branch conponent

T, - the wall thickness of the branch conponent

X - the center line offset between the main and the branch

8 - the angle between the main and the branch

é - the angle in a plane perpendicular to the branch centerline
defining a line on the branch parallel to its centerline

- the transformed coordinate g

A - the transformed coordinate X

D, - the outside diameter of the main conponent

D, - the outside diameter of the branch conponent

B - the bevel angle neasured fromthe inner surface of the
branch to the beveled surface

D - the weld preparation included angle

BEAN - the weld preparation angle being the conplenent of B

L, - the length of the weld section adjacent to the beveled surface

L, - the length of the weld section adjacent to the outer surface
of the main conponent

L - the nodified length of L,
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th

the area of the n " weld section

p . -

ﬁw - the nodified area of weld section
vC - the weld volume with B = constant
v the weld volume with B optim zed

o

Conputing the Space Trajectory (Locus) of the Intersection of Two Pines - The

preparation of the mechanical joint of a main-branch pair may be thought

of as three processes, the first two of which are done concurrently.
They are
1. Preparation of the intersection profile on the branch
2. Preparation of the bevel angle along the profile of (1) above
3. Preparation of the saddle hole in the main
To develop the intersection locus (1) above consider a pipe joint with
the following orientations shown in Figure 1.
1. The main conponent's centerline is coincident with the z axis
and of radius Ra
2. The branch conponent's centerline is parallel to the x-z plane
and of radius Rb
3. X is the offset and is the x intercept of the branch's center-
line on the X axis.
4. ¢ -is the angle between the branch centerline and the x-z plane.
5. ¢ is independent variable neasured around the z axis.
The resulting equation of the intersecting |ocus defined on the surface
of the main conponent and expressed as a function of ¢ for fixed val ues

of R 8,, and Xis

a 'R

Z(¢)) R, cot @ sin ¢ + |csco| R “~(R_ cos ¢ - XA)2 (@8]
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Through coordinate translation the | ocus may be expressed in terms of

the branch conponent as
z, = Rb cot (-€) sin ¢ + Icsc(—%)i/ﬁaz—(Rb cos ¢ + Xo)2 (2)
This (2) is the equation which describes the shape of the end of the

branch for proper nechanical profile preparation of the joint. It does

not, however, address the nature of the bevel angle associated with this

profile.
Conputation of the Wld Cross Sectional Area - The thrust of this paper

is not the space trajectory of the intersecting surfaces as given by
equations (1) and (2) but rather the determ nation of how to adjust the
bevel angle on this trajectory to mnimze the total weld vol une.
Fol I owi ng a somewhat conplex transformation® of coordinates and an
integration over the range set by Rand the wall thickness Tb a genera
expression for the weld area P may be derived as a function of y (the
cylindrical angular coordinate around the z axis which is the axis of

the branch conponent.

2 2 P 2
T T, " cosy T °/§ -[(R_-T, ) siny+a]
G T P A S

o
rt
[}
=}
[<}}

2 sin8

(Rbsiny+A)

—_— { (R =4 A NA!
2 sins Sin(! T ¥ .a .b b 10 fy ¥ 2N vua —\;\.Do.a.a.l.y‘rn} J

2 .
R, R, siny+A . (R =T )siny+A
3] -1 D D

~ —g ———)~sin 7| Y 1} (3)

2 sin8 siny
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Here A is the transformed offset X in the original joint description.
Equation (3) is derived using a weld area bounded by the bevel
surface of the branch, the surface of the main, and an extension of the
outer surface of the branch to the main. A proper weld however strives

to have both weld surfaces L, and L, be the same length. |f [,< L/
a point NFigure 2 will be noved to N so that the length L,of NI is
equal to L,. Figure 3 shows the general profile where L,< L. The
point Nis noved to a new position N (y z,) on the ellipse so that
L,of NI is equal to L. The nodified weld area P,may be conputed by

maki ng the foll owi ng.substitutions in equation (3)

T, =T, = IYl' yol

Yielding a weld area PP. The area F of the triangle M MN nmust then be

subtracted fromP to get the new nodified weld area with equal |egs

I.e L1 = L'2.
Thus F(B) =l/(T-T) (T,) cot B + (Z- z)] (5)
and P=P" - F (6)

The Bevel Angle and Weld Preparation Angle - Equation (3) nay be rewitten

to express the bevel angle as a function of R' T/ A, o, P and the in-
b

dependent variable y as
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+(_:O_S¥ i / Fg - [(Rb- Tb)Si ny+A| )

(2P
tan0 T,sin9

B = cot 2

T,

1 | (Rsi ny+&) (1R Z (Ro-Th) si ny-+ A2
T,’si n9 siny

. Si ny+A
- R (Rsiny+A)® 1 + R? (sin (B—or
-R

- (R'-T,) SinY+A
-sin [ n 1311 (7)

Figure 4 shows this bevel angle 3 at two points on a typical branch.
O practical interest here are the limts placed on this angle. W de-
signate the weld preparation angle as BEAN (the conplement of B) as the
angl e of torch bevel nmeasured froma line perpendicular to the surface
of the branch pipe such that the wall will not be distorted by the torch
heat. Experience indicates this should be no greater than 55°for plasma
and 68°for. oxyacet el ene. This maxi mum angle is designated DI in Figure 5.
The-minimum angle (TlI) of 37°(Figure 6) has been found to be the mninum
angle to allow torch access to the joint to pernmt 100% wel d penetration.
Wth these practical boundaries on the weld preparation angle we
can conpute the optinized weld volume (V) inplied by the variable and
optinized bevel angle and the fixed joint paraneters R R T, 9 A
around the branch-profile (expressed in the angle y).

The Weld Volume - From equation 3, which gives the localized weld area
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Figure 4. Interpretation of Bevel Angles BEAN,
B Angles, and Wld Preparation Included
Angles D.
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Figure 5. Maxi mum Al | owabl e Bevel Angle DI
in a Wl ded Pipe Joint.

Figure 6. M ni mum All owabl e Weld Preparation
Included Angle TI in a Wl ded Pipe
Joint.
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we nmay use nunerical integration to conpute the weld volume by the
equation

P
_ T Gw
wel d vol ume VWV _ngl 180 RMPn (8)

360
"G

G = sanple interval of y in degrees and R,= R+ 1/3 (T, - 2T,

where n=l, 2

wel d Volune for a Fixed Bevel Angle - Figure 7 - The weld volune may be

readily calculated with equation (8) using a constant value for B in
equation (3). Here P,is calculated for a constant B which is in turn
dictated by the mnimm weld preparation angle BEAN pernitting 100 weld

preparation. Here, (BEAN)CONSTANT is conputed as

( BEAN) CONSTANT = °- ( TA) M NI MUM (9)

where D = say 37°
and TA M N MM = M ni mum t angent angl e which is the angle between a per-
pendicular to the interior wall of the branch and a |ine tangent to the

main where the main is tangent to the branch interior wall

Vel d Volune for an Optinmized Bevel - Figure 8 - Here we nust first deter-

mne all tangent angles around the circunference of the branch. Then each
optim zed wel d preparation angle (BEAN) N equal s the included angle D minus
the local tangent angle (TA),.

i.e. (BEAN) ,= D - (TA),where n =1,2,..... — (10)

Thus, as the tangent angle changes, the corresponding bevel angle changes
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BEAN(const.)n=—
EAN(con ,)D—37

BEAN(const.) = 67°
Nyt

vy = 180°

Y = 0° 1 L4
A‘ ’,I -
TA (min.)s ~30°
é’a
L4
Figure 7. Profile of the Pipe Joints with Fixed

Bevel Angle.

Figure 8.

Profile of the Pipe Joints with Optinized
Bevel Angle.
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Table | - Weld Volume Conmparison for Selected Joint Sizes and Configurations

o8 Sched,D, Sched, T, 9 Vv v

| NCHES | NCHES | NCHES DEGREES 1R I 93

4.5 40 4.5 40 . 237 90 . 681 . 420
40 40 . 237 60 2.124 . 597
80 80 . 337 90 1.275 . 789
80 80 . 337 60 4.184  1.142
120 120 . 438 90 2.023 1.262
120 120 . 438 60 6. 915 1.859
160 160 .531 90 2.828 1.784
160 160 . 531 60 9.975  2.667
DBL. E. H. DBL. E. H. .674 90 4. 255 2.742
DBL. E. H. DBL. E. H. . 674 60 15.614 4,192

6. 625 STD. 40 6. 625 STD. 40 . 280 90 1.461  0.093
STD. 40 STD. 40 . 280 60 4,431 1.272
80 80 . 432 90 3.182 1.964
80 80 . 432 60 10. 229 2.823
120 120 . 562 60 5.072 3.147
120 120 . 562 90 16.958  4.592
160 160 . 719 60 7.805  4.897
160 160 . 719 90 27. 154 7.271
DBL. E. H. DBL. E. H. . 864 60 10. 719 6.817
DBL. E. H. DBL. E. H. . 864 90 38.451 10.279

8. 625 STD. 40 8. 625 STD. 40 , 322 90 2.575  1.596
STD. 40 STD. 40 . 322 60 7.693  2.237
80 80 . 500 90 5.691 3.510
80 80 . 500 60 17.992  5.015
120 120 . 719 90 10. 853 6. 730
120 120 . 719 60 36. 118 9.810
160 160 . 906 90 16.272 10.191
160 160 . 906 60 56.307 15.093
DBL. E. H. DBL. E. H. . 875 90 15. 314 9.572
DBL. E. H. DBL. E. H. . 875 60 52.690 14.141
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5 Sched,
b
| NCHES | NTCHES

12. 750 STD 12. 750

STD

40

40

60

60

80

80

120

120

160

160
DBL. E. H
DBL. EeH

16. 80 16.
80
160
160

20. 80 20.
80
160
160

24, 80 24,
80
160
160

8. 625 80 4.5
8. 625 80 4.5
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Sched,

STD

STD

40

40

60

60

80

80

120

120

160

160
DBL. E. H.
DBL. E. H.

80
80
160
160

80
80
160
160

80
80
160
160

b
| NCHES

. 375
. 375
. 406
. 406
. 562
- 562
. 688
, 688
000
000
312
312
000
000

o R i S S

. 844
. 844
1.594
1.594

031
031
969
. 969

N

219
219
344
. 344

NN R e

. 337
- 337

DEGREES

90
60
90
60
90
60
90
60
90
60
90
60
90
60

90
60
90
60

90
60
90
60

90
60
90
60

90
60

\%

|k

15

18
11.

34.

16.
50.

31.
108.
50.

174.
31.

108.

30

95.

94.

324.

57.

178.
181.
620.

96.
300.
308.

1055.

. 391

669

. 231

272
235
254
169
616
481
994
712
886
481
994

678
744
713
915

493
880
190
392

\%

14.
19.
28

31.
46.
19

28.

18.
26

59.
87.

35.
50.
113.
166.

737 59.
392 84.

753 192.
813 283.

.921
. 137

158

3.362
4.671
3.876
5.
6
9
9

401

. 941
. 797
. 972

201
487
303
723
911
487
303

921
917
151
264

464
397
093
703

676
747
642
798

. 600
.975



| NCHES

12. 750
12. 750

16
16

Sched, D,

80
80

80
80

| NCHES

6. 625
6. 625

8. 625
8. 625
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Sched, T,

| NCHES
80 , 432
80 . 432
80 . 500
80 . 500

DEGREES

90
60

90
60

2. 245
11. 473

3.964
19. 996

1. 455
2. 354

2.542
4.067
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accordingly, while the weld preparation included angle D remins constant.

The inplied local optimzed bevel angle derived from equation (10)

is then used in equations (3) and (8) to give the optinized weld volune.

Concl usi ons - FORTRAN conputer prograns have been witten to execute al
conputations inplied by the preceding discussion. One hundred and twenty
different joint configurations were studied for weld area variations for
both fixed and optinized bevel angle configuration The studi ed cases

i ncluded size on size and differing diameters, intersecting angles of
60°and 90°, offsets, pipe sizes from4 inches to 24 inches and schedul es
from40 to 160

Al'l cases studied showed a dramatic reduction in weld vol ume when
the optimzed volume (V) was conpared to that (V) obtained using a fixed
bevel angle. The results of this weld volune conparison are shown in
Table 1.

The results of this conmparison are so dramatic that nodification of
current yard practice in the mechanical preparation of wel ded pipe joints
must be given consideration. Existing pipe fabrication machinery nmay be
realistically modified to pernmit this optimization and cost recoveries

achieved using fabricated joints vs. the use of prefabricated couplings can

be denpbnstrated to be rapid and persuasive
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