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A Study on the Trial Manufacture of a Friction
Welding Machine made by Rebuilding
an Engine Lathe

— Mechanical features and effects of its performance —

by Tetsuo To, Masami FuramMATA and Kiyoshi ABE

In Japan, since 1963 the friction welding process has been developed and it has
prevailed rapidly. Then lately its benefits and features have been questions general
interest for the manufacturing industry.

In this circumstance, in order to apply this process comparatively simply, authors
has intended to research the trial manufacture of a simple friction welding equipment
which has the adaptable mechanism and performance to desirable usage at each produc-
tion shop or laboratry, etc.

For this purpose, we have designed and made a friction welder by rebuilding a
used engine lathe and have made several tests and experiments concerning mechanical
features and the effects of its performance.

The result of this investigation has made it clear that in spite of limitation of the
properties of the lathe rebuilt, the new machine is of praction welders in principle.
And it seems to approximately satisfy our expetation.
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Table 1. General technical description of the lathe
shown in photo. 1.

e B : ~y FOIg

Length of machine 1695 mm Be(ji width g
B 4 e KA L D FOLETORES

Width of machine 560 Height between floor and center 970 mm

Swing over bed Inner diameter of main spindle

Bl S TE & R
Center height 175 mm Rated revolution H09rem

T4 ) > 35 K B TEEIEE o AR H ) 1.0kW
sz. distance between head 630 mm Rated out put of motor i
t
. :;)@ﬁ Bontini e ol e @
<y FD4 earing metal of main <
Bed length 1400 mm spindle Gun metal

Pl A b 0 Bt B L ESEIC - Fol T3 (30 36 42) IEl O/ BITH D, LD
Tk FLICKRT,

2.1.1 EEBEHBEDORE

JE RIE e L U C LB TR N b N b v 2 OFEICE, ROFERERSEICL, ©
DfERAE b LI L THEBEOMHEBK A EE L .

(1) BWUIb o

BUJIJIb (3K D & 5 ts EBRK A HIRL T %%,

T = 27rp1—:—2—R kg —mm (2:1)

Nh*—:ZNPI%RXIO‘G KW : (2.2)

coC T: Az, Na: 84BN, p: SEMEN, n: BER, R: EBERHO
Nf%, ¥4 BUIb 13, EREMOBE, k=8x10"mm?/min & 52 72,

St > C, pr=bkg/mm? 7=2000 rpm, R=8mm O&f#% AT %L

T=5kg—m HXV N,=10kW

B, COE, [EMERA 2000 rpm & UE Licas, 7 — ) O, ik X O O
WX T, e o AREIEEE A 2000 rpm L RIZ T » 7T A Z LIl

[EEEMOBERE LT D=16mm¢ &5 2 oDk, #HiEMO™AF#E s L T Y
ATy oy 2 BFIH L), TORARENLE Y HLIETH S,

@) R0k

R E O, JEREH2S45C OBA L LT, KOFBRREHRRL I,
et

1.32x10* ~ 1000

12.46—0.113 p, )5} kg—m

—log {1.076+< D -

’Tmnx =
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D2.53 n
bg(132x1m'1mm)

£ 8 5
_bgb0m+(m46£lmm)}

CCT p: MBEN, D: EEHREMOBER, n2: BEH,
Edh D () e R BHELFAUMEER pr, n, DICRAT S &
Tmax=6kg—m BX0 N,=12kW
NEL R,

KEEO BB OREE 1L, FUETEBOME r b OB xEET 2 & bic, AFalfErE
BB ORI S, BB L L TR MBI E R 7.5 kW (@RS 1450 rpm) 0 & 0 %
BB & &L,
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FTHB7 74+~ ICEZDRICEIRE =, ¥ — & FAR OB BAE B L, (Bl
PEIET DL ZBANETTEHRDLDTH S,

BERIEHETE, - OEEBRO% TEES EE Al O LETH D, EELILELD
%ﬁ®5%,ﬁ%®7V—%ﬁkﬁmLtﬁ,7v—#ﬁﬁé%®ii®%ﬁmblh%:&
3, BOEX SR OME BT SR B . Thbb, Bbics 5y FRAAE TS
W& &, BB OMBIE R X D ERCIRE), fobAaTe SISk T BRI E D, A
IEEREC A I BB LECH - 1o,

COBEORIEHRE LTIE, a) BEIAMET S, b) EEM GHEMN) OREREH2d 2%
D, BEME L L ICEESES, REDHENELLRDA, X0 MHECAALALSY L &
bhd b) HFREAEM LI, EEL, Thi [T -+ aEEEE] Lrsciicl
e EELNZDOHRE AN KROBEHICE 5,

(1) HEHMCEREERODEIEERE LT, MCHubhATuwlishiic, dus
MINESTHBZ L,

(2) BB OB O B &2 BN S DT, HEERE LTETH DL b,

(3) HEYCH LA/ NUS 7L — F REIHCAFTESLE &,

REOBELAOT v~ ik, HB 28> o — 7L —+ (WEOE) 7o, M1ic
T OREEBEX % R,

N, =1.027-N-

X103 kW (2. 4)
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Fig. 1. Schematic drawing of a shoe brake.
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P+ P, =317kg

1,=180 mm, [,=65mm, ;=56 mm O EJfli%x (2.6)(2.7) AL, F=F=F Y P
e F=516kg &£7c%,

TU—% L 2D HDCLHEE L TRLERNE Fum=104kg £ 780, ThicRES#
fENTT v —FHRE1EO R DT EHBL I,

2.1.3 BHEEIOBERE

OB BIANA 2, A2 A—2hbEbLRL A2 RXSRD, EESBES
NHEDOBRENL L DOTH Y, EEOMETHCER b1 7 ORBIC D LARDL RO
©, B A OBERE (<A b HEE, <4 b OB X AR, PRIEE, PRHEZOERS)
i, EEEA 2 RS ECLTHBIBNRHRE L, SHRCRROERE I

2T,

czc F: H@h, Te: EWHirz, D: 7v—FiREE,

F=

DN
v = G% 1000 ™/ %3

T wv: TV —FlGOREE, n: FEhEERE,

F‘H
H=ZEPS (2.10)

ot H: H#ED.



164 Bk -

FE 2 hERED NS

A:izvs B: Be-% C: HEH

v7 D: EASAALT E: BEIAY 4 v F
Photo. 2. View of an oil pressure
equipment.

A: Oil tank. B: Driving motor. C:
Pressure pump. D: Relese valve. E:

Switch.
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Fig. 2. Schematic drawing of a pressure
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View of a trial manufactured friction
welder after rebuilding.
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Fig. 3. Block diagram of operating mechanism of the welder.
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Photo. 4. Chucking parts of both side

and a brake.
A : Rotary side.
C: Brake.
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Close up of automatic unbraking
device and upsetting pressure con-
trol relay.

A: Brake lever. B: Snapping hook of the

lever. C: Stopper. D: Limit switch.
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D: Adjusting pin of pri-
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Valve lever.
mary contact pressure. E:
pin of upsetting pressure.
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Table 2. Specification of the trial manufactured friction

welder after rebuilding.

FEHEH O BB T

General diameter of weldment

- il A B BCE G 1 )
Rated out put of motor for 75 kW
main driving

12 mm¢

I K HE N

1000 kg
Magthaust WERBRERH) g
W o E ated out put ol motor for A
Oil pressure used 50 kg/cm? oil pressure
T o [ i 4 1 T 5K 7 v — F BR
Revolution 2200 rpm Finishing process Unbraking

3DOJRAZ v —nLF vy 7 ([EHEH)
B FEBERE O G 4 5 2 3-jaws scroll chuck (Rotary side)
Chucking method F)AFey 2 (BIEAD

Drill chuck (Stationary side)

Abrkwas—2 Vly FAY 4w FBEIOERK
I A 2 v il <=7 %y OV V—FK
Control cycle of pressure Relay system of stopper, limit switch
and electromagnet.

(1) BHEEEFEM %m0 3 X OVl (40 (il
HHEEM) OF v+ v 2 1CHUfHT 5,

(2) WEAY 4 v 7% ONIZL, HfEDH
BLOT7 7ty PEXZRET A0, hEFE
Y EIIER IICHET 5,

(3) MfiE#zZIcbMEAY 4+ v 5% OFF
L,

(4) 77ty F&E (XY LA FHEEE T BET EBF7vARHOELT S
oy b ERIEE

== > % 3% red A IR
ERSICATTHAL, 77y PEEIDD, Photo. 7. Upset detector with a differ-
(5) Fu = S=Rd|&, T ~Fhip ential transformer.

Mo THWAREEL, VA—CIEDEENTTTL —F v A—%[EETSH, ThEFKC, il
B b B~ Fy MTBEBETAY 39 AT 4 » F25, 7V —F LA~ X » T OFF
ETE B

(6) B~ 4y bDAYAL vy F% ON LF5,

(7) FBEBEDAY 4+ v 5% ON LT 5%

(8) [MENA—FEILTcstch, MEHEBDAY + v ¥ ON LT5%

(9) F#ERTT R BURELLT 7ty bRCETSE, TV —FULAA—DkHEEN

TR, FU—F@Bl, ERNEAEIERART D, @FFCY Sy b AY 4 FAONICRD,
77ty FEAINDS

(10) HIXHEB O IE G, [EERHORRREE LD, BBE, )y bAV o7, &
W~ 7%y FDKFAY 4 v FwIEKIC OFF 23 %,
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(11) FEHEHvFY o 2 b E 13,

3. FAEWOMHREEER

AAE U e il 5 B R IR 08 & O RS FT I o H
T psigys, FERBRLD S5, Ficx O R
ROHELIE BT D0, flixD&M0L
ECTIEBREEERABREI TR, HBRICH
7o o T, ABEOILEEM:FE O HIE &l IE 7o 8 IEH 1
DL DI, FIEEBEREDBIE ¥ X OH 4B D #
o D BB A R L 1T 7e - 12,

3.1 :
TNE % E D& E BE S ENr—-SREDEDOES —
IhIERIE D [E IR RNE, > ) v & A H B b o
AT e 72 Py REDHC X - THLR D A: By~ 2R
sl sl \ ! Photo. 8. Position of strain gauge in-
MIENRRDF =y 7R BEABILRT Yy —2 D specting a pressure gauge.
(A) DTy —2 HAED, FLEEFEH N~ T A : Position of strain gauge.

DI OB L ITENGEOfE#E G & Attt
L it »tc, ENREDERROEE A HIAN
CHhote, Ik, COEE Eyr—2) 1%, EEh
DMES DB X WELEET BB L 0L 7,
Fic, HEREFEMOEMEHEDOENGFERRC X
DINHS & OWIEE, HEmEC Y v 7 XEDE
BT, WEORTEN Z ML, HFH9
DRI ETT, EREERN S, HEOEE BR O JEHEONIE)) O KIE
A: V) v 7KE B
o i b Photo. 9. Mmﬁﬁfﬁg;mmﬁ
3.2 FEBEOHERR pressure at the contact
KB X o TEEBREBE 177\, RS+ PP ey
WA B B S A SOE H STl
EL, ABEOIEBIBEAE 2 BT L 72,
Ticbb, © E#icedis-Y - - £
DREERN, @ E#EILI DX
B, @ 77ty FE (XHLA) D
ElxB\BWA>r 757 L i
S35 CoMHEER, N4TrmTHKRD pressure welding.

A : Ring type pressure transducer.
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3.2.1 FEHEOETCESBES/NYDRERR

FEEEBRIGR 25 56 T ¥ TOEEEOMETIRE 2 it Bigg 35 & L1, [EEEOkER kY
MbtebDMMEL TR, 13 OFRAERISS T HROHE L AHETH D, HEHEDOBIESR

BFE 10 TG o @i T N
MH:S25C. n=2200rpm. P;=3.4kg/mm?

Photo. 10. Series of photographs through the friction welding.

Material: S25C. 2=2200rpm.. Pr=3.4kg/mm?
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HoOBECLBE IO, BEHIE, -2 V74 7EB2H 2 7 ciiffd, BEREEbOdELE
HARE LS, FEI10CED 1 HxRT, FhEFROFGHET, o TEM EERN, HH
EFIEHTH B,

ChHLOEHICY Y, FE#TCE b d FEROZEL () DER) MR TEL,

(a) (XEHEBHIATERY 1/2 B ic » TR, BEBENC X » THEM O MR T4, KO
E%#Baﬁﬁ%iyfbéo(Mm1@%?,ﬁﬁﬁuﬁ%§h1%%,ﬁuﬁ%ﬁﬂﬁﬁ
LIZUSHTWBA, 0kl h CER A ) ICRETBNE S bk E5, (o) TREHKS
) AT CIRBDERDH, ZOEEMD Y OFRAEFFDHIEMCE L, DvTRBICEEM
b b FERSATAC LB,

2o, @), () ) & EEORMTCE bicoT, MERALERDSY REFCHRL, #
BAPSAERTR 23 N U CEMT R 2 KIC e B

(@) X7 v —*AHBEIhT 71y MNEAMZObALHAT, MUOEEMI—hEl-
ClElE L, HALEBEEIES R T B, WA O ) XRHH LR, Sl ) v 7 ROEH
7Y Lo T B,

(h) ITB TR, FHEEAELEESD ) BNEEACTERT S, ) OREICIE, Y
@ﬁﬁ%&%%m%#ﬂ%%ﬁﬁ%B#K%wahéoit,ﬂua%é%uﬁ<%%%mi
DA Ut R, EANCREL TV 5,

N=2200rpm , Pt=25 kg/mm

SS4|-SS41 S25C—S25C
Up=605mm Up=5.25mm

e B S | e g
o

5 E#HBSOERA>RI T A
@ krbhL»n (EfE) @ WHEME & 77ty bE
@ trz (BHELIN7)
Fig. 5. Electromagnetic oscillograms of the phenomena in
friction welding.
@ Reducing amount. (@ Primary contact pressure.
@ Upsetting pressure. @ Torque (Steady torque).
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3.2.2 PILIDEEFHERKODLADEIE

K5I EHEFDOEREOBMA > » 77 7HBRD 1 flxrd, Kficix, XbhLA, b+
) BIXOMENDOEALRRL TH D, LH LAXERYNDE DA, HERHEUEIIC
WMALHDBAR -7 HENT ERTS,

FOBRMSEB 2MEILEL 7 72y MERMZBRIE, LD LAX—EDE FHMET/E
ERETTH, IO LA EFENHEOMFREY K6ICrmd, ML 5, 3F 2K T
ALY LANEMT A L1, HiHD BHI0C L H@HTE b—HLTW5,

P2 DRRRABIE, ROEBE L7 0K AL 2) b, £OERER I DK
WHIE—EDORENSEX (BHE LA 2), BOT 7y FINEL X - THOERLRLE R
ML DEFDOH D ERDBBND, O M2 RIRE, EBEEERCRST A5ELL DL
—H LTk, ARAEEPEBEERE L TEELBEZEBEL TSI LERLTWAZ LD
AEEEE X2 %

—fEiC, BEBEBECRTEBBIC W TELTRD L, M (NE) @R TIEAENC
FEMCIEE G R OFEAERE L, EEC IR = -2 v FMEHAL TV S, ZOERICKWT
R EER b A2 LOMGBREZ 77T ERTOX 5D,

Thib, EWHBICRTAEEB/RTE, BEMED (BES) AREwixs, il

(mm) $541-5S41 $25C-525C

§35C —S35C
60 - -
50+ 3 r
40 - -
Up
30+ 5 it
n=2200rpm
2.0} F -
O pt=25 kg/mm
® 34
1.0 © 43 " ®
OO 20 40 60 (0] 20 40 6.0 (0} 20 40 60
1 (sec) ¥ (sec) 1 (sec)

B6 Xbhl»sLEEKRMOMRK

Fig. 6. Relationship between reducing amount and
time of pressure.
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(kg-m)
5.0F SS41-SS4l = $25C-525C - S35C—S35C
o Pt-2.5kg/mn'J
401 o 34
© 43
Ts
301
2.25—
20
1.0} - -
O L«'J 1 l 1 1 o [ 1 1 1
16 19 22 16 19 2z 16 19 22
x10* x10* x10?
n (rpm) n (rpm) n (rpm)

B 7 mEBeER 2 OBIRR
Fig. 7. Relationship between revolution and steady torque.
BOVNEEEER L 2 AREL DT L, ThbbEBREECSTHZFCH LI LBE
L L kERS, AT TLBEbRE, ik, KNP Te=225kg—m Dffix, ZHhll
FTCE# Y BRAEL, AV OREL r A7, BEEKEOB#EEZRTLOTHD,
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FEE 11 E#HMHO-Y oK
P;=25kg/mm?, 34kg/mm? 3} X ¥43kg/mm2 HHE S35C.

Photo. 11. Some shapes of burrs of weldments.

FEHNCEESL MBI A)OBROL
B EIRT, FHOMEIXS35C T, AfE#ES
HbH, ) DRNG EEIRERHEE T 51T
TIREINTWBHEERHED, TihobbilEmH
MR EWCEECREMENIV NI VIZE, T
EHEB AV S WA IR E 1A K & vz
Y, BEERRBRIBEHS LIS RO N
THh AR R,

fxDEUTHREL DE#HER & 1T -
SRS, E®ERA)REETS (ThIER
e T TL H D) Tosb DB fl i BlEER &
DB ERDIEZ S, MBI iR %
B,

oMb, KohORHR A HEL i 5T
REINLEMEORPATHIUE, EFWRETFL
BohdZEnHEIhD, 2O &iX, AR

(kg/mm?)
451
SS41-5541 x Q
N
40r d=12mme \\\\\\\\\§
N X
o Aas i
30 § \§\
s x A
252 4 1‘6 ||9 2|2 x10*
n (rpm)
45} A\ N
$25C-S25C x N\§
YN
Py % § \\\
N
b i i&\\\\\\\
COSs TEa e e 0 22 x10° (rpm)
49 s35C-S35C ¥ QNN
a0t X \
p L od
t
N N
304 ) N
% N N
| \\\\\\ \\\\\\\\\\\\\’:?\\\\\\\\\\\Q
20 X O WDY ! L - p
007 12 e e 19 22 x 10" (rpm
R 8 IE#ic ) »nRETHLDOEME
& (Al %L & o s A
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Bl 9 SIEERRABRMARRE OHBR
Schematic drawing of a test piece

Fig. 9.
for tensile test.

5| R ER % o B B o gk R B
View of test piece broken
down after tensile test.

FE 12
Photo. 12.
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BEH 13
Pr=3.4kg/mm?

n=2200 rpm.
Test pieces after bending test.
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Photo. 13.
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P;=4.3 kg/mm?

n=2200 rpm.
Macrophotographs of the section of weldmen.

Photo. 14.
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