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Abstract of Thesis

Name (FURKAN)

Development of novel dissimilar linear friction welding methods of steels and aluminum alloys
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This thesis presents the development of novel linear friction welding methods to obtain sound dissimilar joints
between steels and aluminum alloys, which are challenging to be joined by conventional LFW method
Chapter 1 introduced the overview and motivation of this study.

Chapter 2 presented a comprehensive literature review of previous studies on the dissimilar joining of steels
and Al alloys; emphasis was placed on the LFW process. The necessity of dissimilar joining of steels and Al
alloys from the viewpoint of multi-materialization was presented, and the challenges of dissimilar material
joining using conventional joining methods were described

Chapter 3 presented materials and the main methodologies and techniques employed

In Chapter 4, direct LFW between mild steel (MS) and A7075 Al alloy was attempted and sound dissimilar joint
was obtained by optimization of welding parameters. Under an applied pressure of 300 MPa, corresponding to
the cross—point strength on temperature-strength curves of both alloys, the simultaneous interfacial
deformation of both alloys was promoted during welding which leads to suppressing the interfacial joint defects.
An extremely thin IMC layer of ~34.7 nm thickness was identified at the dissimilar joining interface. As a
result, the fabricated weld revealed excellent joint strength exhibiting 100 % joint efficiency with respect
to MS with a fracture in the base metal region of MS. To the best of author’ s knowledge, this is the first
study to report 100 % joint efficiency between A7075 and any iron—based alloy dissimilar LFW joint and exhibiting
a base metal fracture towards steel side

Chapter 5 reported the dissimilar joining of SS400 and A7075 Al alloy. The challenges during conventional
LFW between SS400/A7075 were identified. To address these challenges, an innovative center—driven double-sided
(CDDS) LFW method is employed to effectively weld SS400 and A7075 Al alloy. The interface temperatures were
controlled by changing the applied pressures, corresponding to the cross—point strengths at each interface
CDDS-LFW promoted the simultaneous interfacial deformation of the mating materials at both, MS/A7075 and
MS/SS400, interfaces by exploiting the cross—point concept. As a result, obtained joint exhibited a tensile
strength of ~347.5 MPa, revealing 100 % joint efficiency concerning MS.

In Chapter 6, a novel sacrificing—sheet linear friction welding (SSLFW) method, by oscillating a center sheet
of SS400 steel utilizing the CDDS-LFW machine, was exploited to further enhance the joint strength of dissimilar
weld between SS400 and A7075 Al alloy. In this novel method, by establishing a preheating stage that frictionally
heats only SS400 side for a certain period of time, the center sheet was effectively expelled from the joint
interface, and SSLFW that directly joins the SS400 and A7075 has been achieved. Unlike the CDDS-LFW method,
where center material remains at the joint interface and becomes the weakest portion of the weld, SSLEW
eliminates this dependency by expelling center sheet from joint interface and enabling direct joining between
the side materials. Consequently, joints produced by exploiting SSLFW revealed the maximum joint strength
of “448 MPa after post-weld artificial aging. This indicates a significant improvement over the CDDS-LFW method
for SS400/A7075 dissimilar joints, effectively overcoming its strength limitation of ~347.5 MPa

In Chapter 7, applicability of SSLFW method was further explored by applying it to the more challenging material
combination, 1i.e., S45C and A6061 Al alloy, which exhibit significant strength difference across all
temperature ranges. The operating conditions of novel SSLFW were optimized by investigating the influence
of key process parameters, i.e., preheat time, upset length and applied pressures, on mechanical properties
and interfacial microstructure. The results indicated that a defect—free, sound joint with high joint strength
can be achieved using optimum welding parameters. Considerably high joint efficiency of 73 % with respect
to A6061 alloy was obtained after SSLFW, and it further increased to 96 % subsequent post—-weld aging treatment.

Finally, in Chapter 8, the overall thesis conclusions and suggested future work possibilities are elaborated
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AWFFETIE, TERTFIETIIHEARRETH 72 E 7L I =7 AR EOMBA DI L TRE R BEHEAKTL
BB, FHIEEESES (Linear Friction Welding:LFW) OB 21T\, B O T O MA £l L T\ 5,
REISUNFLL T D 8 ETHIL ST D,

¥ ETE, AROEEE LT, BEAMRKRICHT ZHEEO~ LT <7 U TIOALOEEM & LFW oF Ak
OWTHIRL L. AWFZED BB & FSCORERIZ W TR Z LT\ %,

H2ETIE, T NI =0 AEEOREHEAICHET 2IREOSTREHFA L, LIV ICHET 2RmRA 2+ 5 Z &
TEBENRLE2—%21To T2,

B3 ECIE, AWM L7 klEs L UBEA HIE, 72 B ONSIMARARAR & M A5 ORI 7 R 12 oW CREM 72 358
HEIT> T 5,

AT, KA 7L =7 AAA ATOTS IZKE L CRERD LEW 247\, kTR 21T > T\ %, #k8H & AT075 O
TRENG I NF— & 72 DI & 72 DHEE SR (HINE F) 300 MPa) 238 E 325 2 & T, MO M T 2 29 D a7k
FEFTND, HEEFRETIEAN 35 nmm EOREFITHNSBEIEEMBER SN TRY | MEHOME LM+ 25 2 &
THREZREE R E > TND I EEHLNMNIL TN D,

85 BCIE, —REE ML SS400 & AT0T5 DEMEBAICIR Y MHATWS, fERD LIW Tl Lok F %2152
CEBRREETHLEEHALNCL TN D, MX T, ZORBEEMIT 572D & v ¥ —BRE) il i 8 B A
(Center-Driven Double Sided Linear Friction Welding: CDDS-LFW) % %fi LT\ %, ¥ —k & L CHEAZ AV,
KB/ SS400 J6 K OMREA/AT0T5 DENZENDFEIZ BV TEME OB IR F— 72 DGR EARET L2 L T, #K
SRR TR 2 29 2 ek T ORISR L T\ 5,

55 6 T CIE, SS400 & AT075 OMAGHOEICH L TE Y # —k % SS400 & U7z Ak F 42 FBL 3 572912, CDDS-LFW
DIEE & W=7 7B & LTt Y — MR EEBHE A (Sacrificing Sheet Linear Friction Welding: SS—LFW)
FREL VD, ZOFHFIETIE, B ¥ —H D SS400 Z ik & L, SS400/SS400 O Fifi O A % — ERFHEEEERIZ X 0
FIMET 2 Z & T, ¥ —M BRI S BERE CHEA R S U, A0 SS400 & AT075 % EHEHE
BTBHZLITEILTWS, ZOFEZHNDZETEUVZ—MOBEIZLLARAVKENELN D EfEmSIT TV 5,

BT ETIR, BMBEANREEE SN TV HREM S45C L 7L =7 AA4 A6061 DIIAEHEITR LT SS-LFW
ZFEM L, SS-LEW A FHMEZHE LT 5, SS-LFW Frt 2CH1F 2 EEH /T A —% Th 5 TINEERL, %0,
FINE S 2 AL S TEAEIT ) 2 & T, HASM T OSBRI R L OBEA RIS S 5 MRk O B
ZEERNCEIT LT 5, SS-LEW Z W5 Z & THEAREICKBO R VMR RGN Z 2B LN TH L L
HIZ, BBV EOBELE X 1T 2 80E LRI L0 TR EE S 512 20%8L B ES 5 2 LIZRIIL TV D,

H8ETII, AWIEDORIEEITV., S ROUIEREIC OV TREL TN D,

P ED X I, RS IBENREETH Y | BERFETREEHNE SN TEME TV =y 2560 RER I
VT, CDDS-LEW 38 KON SS-LFW LW O /e 7 u v A& BRI 2 2 & C, MM LEHEEICEN-F LR TEH 2 L
ZRELTEY, MBI LEORBICHFSTH L ZAHNRE,

LoT, KmidtlEEim e LUESH 5 b0 L3R 5,




	Form3_Furkan
	Form7_Furkan

