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I ’R I C T [ \ W E L D E D  C O N F I G U R A T I O N S  FOR CONSTRUCTION

0. Introduction

The increasing use of friction—welded joints in vehicular ,

machinery , and earth—movinq equipment construction , in machine

tool and automotive manufacturing and for other industrial

;~ur ose:~ requires consideration of certain structural principles

of the welding component. The conditions under which the

joining process proceeds to yield a rotationally symmetrical

joint are basic for a position suitable for manufacturing.

The joining process is characterized by a temporaril y

applied frictional action resulting from relative motion under

pressure , with heat ,~eneration and conduction , extrusion of the

plastic metal fr om the work surface , cessation of the relative
motion in 0.1 to 0.5 sec., and appl ica tion of the weld ing
pressure . The weldinq particulars are based on time—pressure

proqram~ and are chosen in view of the working material or

combination of materials , the dimens ions of the joining ar ea and
shape of the workpiece , the prep aration of the work surface s,

and the capacity of the machine. The shortening, forma tion of

beads , a nd mech an ical propert ies of the welded joint are

dependent upon the optimization of the parameters and the

suitability of the conditions for friction welding. Automation

of the friction weldinq process produces a consistently high-

qual ity joint , but requires the observation of definite precautions

FTD—ID (RS)T—1724—76 1
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o c nd i t  ion i n  ord. r t 0 l)( 0 1 to )s i t ion t he  p a r t  s , tighten

hem expt di en t 1 y , w e l d  t h ~m w i t  h t ima 1 a r a m  t or  s , and remove
t h em a t  t e r  c o n -  0 ion  of t f i o  r s su r e .

B u i l d e r s  - e d  t -H~n i c i i i i s  h ave  t h  p o s s i b i l i ty  of s o l v i n g

~ue~~t i ons  0 r i i t r e~ 1s . ; u h H t  i t u t i o n , t h e  e c o n o m i c a l  use  of
m at e r i a l s , Cr r n s i ’ r  v at  i s  of he ; r e s su r e  and  m a n u f a c t u r i n g
ca~~a ci t i e s , u se  of h i  ~h — ~~r r r d u c t i v i t  y m a n u f a c t u r i n g  processes
( s u c h  as pr e c  I S lo n  I era isis , ropers , h 1 d r a u l  10 p r e s st  s , d i e s ,
p a t t e r n s , hea ted  ro l ls , and  d r a w i n g )  f o r  t h e  m a n u f a c t u r e  of
sem i — f i n i s h e d  goods of t h e  proper shape b y prope r iso of the
: r oc . -ss , and to promote g e n u i n e  economies in  m a n u f a c t u r e .

The areas of application of friction welding are determined

by the shape of the work piece , the material , and the number of

p i t ces.  P red st  i s O  areas of use up to now a r e :

—In machine too l fabrication: drills , reamers , milling

cutters and hobs;

— In the tractor an d  automobile industries: bimetallic

valves , d r i v -  shafts , axles , conical gear drives , steering

journals , motor brake shafts , clutch shafts , universal

joints , keyed drives , steering shafts , piston rings ,

suspension tubes , pressure ro l l s, levers , flange joints ,

t u r b i n e  s h a f t s ;
- In power drive manufacture and machine-building: spur

‘uars and bevel wheels , axles , and shaf ts .
-In earth-moving machinery manufacture : shaf~ts , ch ain elements ,

axles , hub s .

-In bicycle manufacture : axles , hubs , foot-cranks
-In chemical plant construction : pipe joints , pipe f l an ge

j o in ts .

1. Appropr iate Manufac tur ing Conf i gu ra t io ns

FTD-ID (RS)I-1724-76 2
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1. 1 Pr  i n e ipa l Co n s id e r a  t ions

The f r i  ct  ion weld  m g  p rocess  r egu  i res  I he 0ev lopment  of at

l ea s t  one p a r t  w i t h  a c i r c u l a r  or a n n u l a r  ah ip od s u r fa c e .  In
T a b l e  1 ir e  a ssembled  I f i r  d i m e n s i o n s  and shal os .  The ap p l i c a b l e

r e a i o n  up t o  i d i a m e t e r  of 5 mm has s c a r c e l y  b e n  used up to t f s

p rese n t  t i m e , beca u se of the  h ig h m a c h i n e  r e q u i r e m e n t s .  In  t he

r e ai o ri  from 5 to 150 mm , c u r r e n tl y  c h i e f l y  cross  se c t i o n s  of 8 to
50 mm are friction welded. This is the ranqe in which t he  largest

number of parts occur in the users ’ plants. The machines are

graduated for diameter ranqes from about ( to 15 mm , 12 to 30 mm ,

20 to 40 mm , 30 to 50 mm. In machines with two or more speeds ,

the diameter r an a e s  are broadened.

Friction welding of pipes is associated with spec~ al tension

arrangements , in order to prevent deformation of the p i p e  by

tension forces. The conditions become difficult with thin-walled

pipes . The pipe ends must he tightened short , and the outer

hioo of the tiqhtening jaws must be suitable for the pipe

outside diameter.

Fr i c t ion welding machines can be used in welding of pipes for

l~~r~~~r outside diameters , as in solid cross sections.

1.2 Loca l joint configurations

The principal shapes displayed in Table 1 for friction welded

joists ar’ modified according to the dimensions of the joined parts ,
f - h mat erials , and the requirements for bead formation , strength ,

and economical formation . With increased automation and heightened

requirements for strength and reliability, t h e  expense of pre-

paration of the contact surfaces increases. In Table 2 are shown

the preparations of the joininq points.

Proceed ing f rom the basic shape s , users  repor t  var ious
pr epar a t io ns of j o i n ing poi nts dependin g on the mater ia l s  and
dimensio ns , w ith cons idera t ion  of the economica l pr eparat ion  of the
joining points , the f r i c t i o n  proc e ss , bead forma t ion and
FTD— I D (R S )T— 1724—76 . 3
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r e r i r I v , i l , t h e  s t r v n : g t  f i  r c qu i  r i - m o n t  s antI If ~~
- ‘conomics  of  the

] O in i n q f t r ( t ( - ~ ’ss

Thi 11, 1:; i c s h i p .  a is used under -s ing 1 - : ;  2 , 3 , and  4 , with

t h e  pu rpose  of m i n i m i z i ng  the j o i n -u s u r f  ict  and  bead f o r m a t i o n .

Thu v a r ia t i o n s  f r o m  b .  2 t o  b. h s e r ve  to improve hea t
c o n i d u ~’t ion Ou r  i ng t h e  f r i c t  n o n :  process and to h e igh t e n  the
st r u n  t b  p rope r  t i C S

The b a s i c  s f i a p - c is  v a r i e d  by the v a r i o u s  p r e p a r a t i o n s, fo r
t h e  same r asons .  I n  t h i s  w e , , s h a f t , f l a n g e , or ro l l ed  bar  j o i n t s
ire f r i c t i o n  welded w i t h  sp e c i a l  f o r m a t i o n s  of t h e  f l a n q e , sheet ,

or shaped part. The multipl e possibilities for preparation of the

basic shapes c and d also promote the str.�’ngth properties and

improve the friction welding process and bead formation .

New technological possibilities arise from the joining of

several parts in one friction process , without the necessity of

usinq special machines. The friction welding of packets of

short metal with bar or pipe material (g. 1) is a favorable

joining possibility with appropriate tension on the sheet , even

with different materials.

The joint shapes used under g. 2- to g. 4 show considerable

economies through friction welding . The preparation of the joining

points must be carried out in each case so that the parts to be

joined are seized simultaneousl y or stepwise in the friction process.

1. 3 Examp les of the Process

The economical use of friction welding is found iii the

following area s:
- Similar or differing materials that heretofore have been

manufac tured by other welding methods , for example resistance

welding or electric arc welding , brazing , or rivetin g, w i t h

considerable expenditure of t ime , energy, additional
(

6
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n i t  r ’ r i i l s  or technology. Production: is simp l i f ied , the

: r a cn ’s s  i rig is automated , and p r e v i o u s ly  p r n ’ f a r e d  ind i v i d u al
p a r t s  c m  br used .

- W o r k  ~~i ec r- s  I hat previously were conipletely manufactured in

era piece b’s turning . The parts can be resolved into

corTi~~o f l t - i : t s , and can be pro-manufactured on automatic equipment;

t he”  can Pr ’  so configured that a minimum of turning is

rn’gu i r r  -d -

— Work pieces  that heretofore were forged at P 1 gb  ‘x p n ’f l s e

with large material losses. There are possib ilities of

combinations between forged , cross-rolled parts , rolled

materials, and semi—finished parts.

Engineers and technicians must know clearly, that the

attainable dimensional precision depends on the condition

of the machine and the tolerances of the prepared work

pieces. (Table 3).

With increasing precision requirements , the efforts in

preparing the work pieces and the demands on the friction welding

maci-m ine increase. Specific appropriate machines customarily

guarantee norma l precision in dimensions.

Table 3: Specific values for Precision in Friction Welding

Precision Eccentricity Length Tolerance

Very high 0.05 mm + 0.1 mm

Normal 0.2 mm + 0 .5  mm

Coarse 0.5 ... 1.0 mm + 1.0 mm

While the principal p o s s i b i l i t i e s  and in d ica t ions for  the

use of fr ict ion welding conf igurations are shown in Tables 1 and
2 , Table 4 contains several examples of application with special

emphasis on the economical and technical advantages.

The examples of rep lication discussed can only be indications

of the principal problem solutions. Already there are a large number

of fric tion welded construction elements in industry .

7
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T i h l e  4 :  E x a m p l e s  o t  p r t ’ p m r - m t  ion of fri ct ion welded parts

Desi n n i a t i o n  S k e t c h  M a n u f n ’ t  uru

~at r’ r ia l s old new

T u r b i n e  s h a f t  F l a m e  but ~~w e l d i r ~g F r i c t i o n  welding
X 1 I C r N 1 W V T a  — H i g h  material loss —low material loss
18H~ 25CrMor ~ ~~~~~~~~~ by turning to form b y t u r n i n g  (c ap

a cap on washer length on washer
side (cap length side 3 mm)
40 mm ) -Low turning expense

-High material loss -Low compression
by consumption loss (shortening
(20 mm) from friction

-High energy con- welding 2 mm)
sumption —Favorable pressure

—Unfavorable pressure and centering
possibilities possibilitie s

-Low energy
consumption

-Industrial health
advantages

Hexagonal bole Complete machining Friction welding
37 MnSi5 

- ~ -1.6 kg material -Lowered material
T~- - ----- !z~ loss per bolt by loss from turning

- 320 — turning -Conservation of
-High turning turning capacity
expense -Use of semi-

finished materials
(round or hexa-
gonal stock)

D r i v e  s h a f t  R Manufacture by free— Friction welding
16 MnCr5 ~ form forging -Material substi—

- —High material loss tution
for finishing by Flange : Cl5
machining Shaft: 16 MnCr5

Economizing on
materials costs.
—Forqe t h e  flange

by drop-forging ,
shank - cross-
rolled part

-Conservation of
turning capacity

2. Strength properties of friction welded joints

Here tofore , studies of the strength of friction welded joints

carried out internationally have been of the unanimous opinion

8
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‘hat very good st  i t  ic an d  d y n a m i c  st  r u n - i t  f i  i- r s u  its i r e  o b t a i n e d

Ir on:  we’ 10 inq w i t h  op t  imum f r  i ct  i on  w e l d i n g  p a r a m e t e r s .  The s t ren g t h
n op er t i n s  of a f r i c t i o n  welded j o i n t  can be assessed as be t te r

t han all oth r-r f u s~ - i  and flame butt—welded joints. The tt. ’nsile

s~ rongt h o f  the ~..e lded j o i n t  exceeds  the  t en s i l e  st - r en q t h  of t he

b a s ic  m a t e r i a l s  because of th~ compress ion  b r o u g h t  abou t  in the
j o i n : t  r n ’a i o n  h” the  c o m p r e ss i o n  process .

F r i c t i o n  we lded  j o i n t s  of s u f f i c i e n t ly  d u c t i l e  m a t e r i a l s  can

Pu ben t  at an an g l e  of 1800 w i t h o u t  c r a c k i n g  the  j o i n t .  The formation

a spec ia l  g r a i n  in the bond ing  zone in some cases , e s p e c i a l l y  in
o r u v i ou s 1 -~’ h e a t — t r e a te d  components , leads to a decrease of the notch
impac t  s t r e n g t h .

S p e c i f i c  s t u d in - s  c o n f i r m  these  s t a t e m e n t s .  F i g u r e  1 shows
t h u  t en d e n c i e s  of 

~~B
a n d a b f o r  b a r - t o — b a r  f r i c t i o n  welded j o i n t s  as

a function of t , for diameters of 24 mm , using St 38 , where in thee
heating pressure Ph and the welding pressure Pw have the best

values. The curves shown in Figure 1 lean towards longer heating

times with increasing carbon and alloy contents .

Very little is said in the literature about the endurance

proper tii-s of friction welded joints. Publications deal mainl y

wit h definite materials and shapes of construction elements.

The ri-suit is comparisons of the endurance strengths of friction

welded joints with the base materials and with parts that

previousl y had been manuf actured by other manuf acturing proces ses
/1/ /2/ /5/ /7/ /9/.

The endurance  s t r e n g t h  va lues  of the bas ic  m a t e r i a l s  were
reached and exce eded uniformly , par t icularly in the cas e of

con struction steels and low—alloy steels. In Fiqure 2 are

shown the results of studies carried out at the TH Karl-Marx

City for the comparison of the endurance strengths of worked

and unworked samp les , in tensile ex pansion tests.

9
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I n  b e r t h  st id ie d  m a t e r i a l s , t i i t -  sa mp les  w i t h  bead 1~~f t  on

reached an av e rag e  s t r r - n i i t h  10 kp /mm 2 
lowe r than the samp l e s  w i t h

hi ad removed after 2 x 1 I o i d  ( ‘h m n q ’:; . T h i s  lower strength

of th e  u n w o r k n - d  s a m p l e - ; i n  t f i r -  ar . a of t irn~ and  e n d u r a n ce  St  rr ’nqth

is a ttribut ,mt - Ir - to t h e  (‘r a c kin i effect proceeding from t h e

head is a r e su l t  of the p l i s t  i. ’ ~~~ ormi t ion during the friction

w e b  i nq p r o c e s s .  f-’or  t f i  is rr ’iso n , the bead is removed f r o m
triction welded joints with dynamic requirements.

In operating tests of friction welded parts , for exampi r- i nn

automobile manufacture , compressor manufacture , and railway ‘ m r

construction , it has been found that joints show excellent

opt-rational and strength properties under normal and ext r n’-

r-m; - r m t ure conditions , under changing and percussive loa’~s.

Fail -nrc ’s of friction welded joints have not yet been reported .

3. Closinu comments

Definite criteria of confiquration are to be observed by

e m: n n : r - e r s  and technicians for the use of friction welding in the

::i irnufacture of structures sui~~able for friction welding , wi th
the required strenqth properties and the exigencies of economical

?ccomplishment . The authors have assembled for this purpose a

large number of recommendations for the user resulting from

the studies for industry carried out in the past , and from basic

investigations. -

sheet t h icknes s• 11111, p l at e  w i d t hThin 
~~ u n i t - f i r  (discs)
d i m r : r r - t r - r  (sh ifts )

p , k p mn, l he m t i sq p ressure
~

, 
~~~~ we I d i  m m g  pressure

U - -  f r i c ’ t i i n  w el d i n g  loca t ion
,,,,,, p 1 m b  or wall thickness -

‘ J’iea m g
. b end i ng  angle

“II II. O,n,’ tens~~1C . strength
- - tension ratio
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m a t e r i a l  St 38 

~ ~~~~~~~~~ : 1 ~ T~1~

— f p /~. 5B . A ~~ ,‘-, ‘ —-—— 5tis~-r 13..4 e~~ o.-~

~~~~~ —--——- 51 36 b -2

Fi gure 2: Terminal values for W~ hler curves (tensile-expansion—
st rength) of friction welded joints with bead left
on and removed.

Weld diameter 30 mm , ~ . = 0.25

Material St 38 b—2 16 MnCr5

Welding Data

Ph in kp/mm
2 4 3

in ~~p/mm 2 6 6

t in sec 8 10
C
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