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Abstract

Microminiature heat exchanger has been applied to the gas turbine in order to increase energy efficiency.
During the production of microminiature heat exchanger, however, it is very difficult to weld tube to
tubesheet. In this study, therefore, welding process of resistance ring projection was used, and weld tensile
tests were performed. Sound weld joint was obtained as a result of applying resistance ring projection
welding to microminiature heat exchanger to tubesheet. Cold weld occurred at under 1600A. Even though
tensile strength was increased with increasing current, splash occurred and tensile strength decreased at
2000A due to the excessive current. Therefore it was determine that the optimal current is 1900A. As
result of tensile tests based on ASME code for tube to tubesheet weldment, rupture position was weldment
due to Fs (Fractured section) of nugget, which was smaller than tube thickness (t), and it was proven as a
partial strength welding because of the average joint efficiency fr = 0.90.
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Table 1 Chemical compositions of tube and tubesheet

Chemical compositions (wt%)

C Si Mn p S Ni Cr

STS304 | 008 | 1.08| 166 | 0045 | 003 | 806 | 20.80

Table 2 Mechanical properties of tube and tubesheet

Tube Tubesheet
Hardness (Hv) 370 129
Tensile strength (kgf/mm’) 123 53
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Fig. 4 Schematic of the tube
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(b) Section A-A’

(a) Top side view

Fig. 5 Schematic of the tubesheet
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Table 3 The condition of Exp. 1

Parameter Condition
Set current (A) 1900
Welding time (ms) 10
Force (kg) 85
Tube extension (mm) 0.1, 03, 05

Table 4 The condition of Exp. 2

Parameter Condition
Current (A) 1600, 1700, 1800, 1900, 2000
Welding time (ms) 10
Force (kg) 85
Tube extension (mm) 0.3

N - e R ERE 278 298, 20094F 41

Table 5 Schematic of the electrode tip shape in
Exp. 3
Electrode 18 123 198°
tip angle
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Table 6 The shape and cross section of the weld
with variable tube extension

Tube
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Top view
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Section
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Table 7 The shape of weld with current variation

Current Top view Cross section
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Fig. 7 Schematic of the tube to tubesheet tensile
test
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Fig. 8 Variation of tensile strength with set current
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Table 8 Tube and tubesheet after tensile test in
the experiments with current change

Current | 1600A 1700A 1800A 1900A 2000A
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Table 9 The shape of weld with electrode tip angle Fs : Fractured section
t : Tube thickness
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w
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t
EF §RTE 92 5 Uk
ASMEE FHS FER &HRE oo 88 s
ARESE] ERSTE FES FER 5= olF & Fig. 10 Schematic of the fractured section
& fr = 109 o & A= §HF(Full Strength
Weld), fr < 10¢ w & A= SFHP(Partial Table 10 Tube and tubesheet after tensile test in
Strength Weld), 452 o78k4 9= Wi gxn tk}lle experiments with electrode tip angel
(Seal WeldZ TEIT. o7]¥ fre& 10 273 cranee
FE g, A (DREYH dojay”, Blectrode 18 12 18
tip angle
L(test)
r(test) = ——*~ 1 .
f AtST ( ) Tube
of7]ollA L& gpeke] ot wjo] Ik shF, At
T FH 9HA SrE FE ARY Ak A F=E Tubesheet
Uepdic
Fig. 9= A= § Z=d n& &35 IF 4=E 095 082 092
ek oz 7+ e el lolee Baaial
Rugel o7n slFoz A% FHel 88 ¥FS  ng Fob 44 swre] Aol Holzkn wuEL =
nelslel A5 ARE AU, A% § 4E @ Rude 48 A% $¥e 44843 Fele 2
£ A O ARl 2 %L A B A2 @ $o] Agserl o 94 e $elA A
erst, W o7} Qofit fslojeka ekech
Fig. 102 9% AlES 58 5% Fdd Fsg o Table 102 Q1§ AIE o]F] zidtd FHo} FHR
B Zolth BE §%9] Q4 AEE FH A% 4 o AL Uehd Aol SARE Rnmal Hno
= ok S ughed) ol Sewdl Pk BH A Egske Zo] HelW, BE ZAA fr < 100]ER
SR AT §RRE 4ol Ak
140 FEO SHATS ¥3ksly] flef FEWS] aFH
o t0 fmmmmmm oo TERRSEEE ST 7w WA AP F3o) oo} Alo|y, 1FH 7}
ol T, — =7h HolAw $uF fatsh AR AR pa
& 2 Q& JAFFETE O =obd Folgt ddEnh
80 |
44 Fuot SuE 8HY EXo| oxE ol
2 40l Ateo| mE
T Al meAg g% F2 MAE Qe &
B—r A AR AT 7E, $8A% A5AE, ZeAA
Electrode tip angle (" ) ‘35]/2}%0] 91‘:}8> E‘ 019.:I10ﬂ}\1L ,Q_;}(j 210]] U]i]—‘Lf
Fig. 9 Varation of tensile strength with electrode tip T83% IAZ FRE=Z0], 84 A, AEH Axs
angle S 3Esel 4ES HAAW, 47 Inm Wele] Fe

KRS - B EYERE 2748 R25K, 20094F 4H

185



6 98 - 48 - 95 - 24
Afel @ ZeAd §4e 1T 53 N8R F49 AR
AT dA] Fas AP} "t olEdt FAEE Y
E T2AMN SAHNHE £23F olxjo]lu slo|=o] 1. KHKim, GHKim, MGLee, HHKim,  SWKim,
_ o S.HKim, “Preliminary Investigation on Joining
rsio)? = A
g Qe Fisit. 28y £ dyelde SR Performance of Intermediate Heat Exchanger Candidate
3k A3 SR LUAT A Fe 2 ok A Materials of Very High Temperature Reactor(VHTR)
AL e T EEYS HiA & & Qe by Va)cuum Brazing” KWS  2005-Autumn, 195-197 (in
Korean
’ N
A7} k| ofol & Aotk 2. HYCho, GHKim JHLee, JSeo, MSChoe, “Finite
element analysis of laser welding of micro heat
| =2 exchanger’, Korean Society Of Laser Processing,
5 = —
2005, 40-44 (in Korean)
3. HSKang, JSeo, JHLee JOKim SHYu HY.Cho

2) FH =& Zo] WA A4¥ ZAY 0lmmolld=
S XA Bl e Aol I3z dof

Wi, 05mme FH EEYF Fude] IAsgon,
SHEE A4S AT
1600A°]3 M= WA o]
WIS, AF7E SUESE A ARt SR
o} 2000A0M = AR R s Go] T
3, 23] 9% A=l "ol 190A7F HAe 24
¢ 5 ATk

3
3 AF 27t 2Y 2=

186

“Temperature  Characteristics of Laser Welding Parts
of Micro Heat Exchanger’, KWS 2006-Spring, 65-67
(in Korean)

4. AWS Welding Handbook, Ninth Editon, Volume 2,
Chapter 2

5. JKMin, YKOh GSKim, “A Study on the Spot
Weldability of Automotive Steel Sheets”, Journal of
KWS. 14-3 (199), 41-46 (in Korean)

6. Murat Vural, Ahmet Akkus, “On the resistance spot
weldability of galvanized interstitial free steel sheets
with austenitic  stainless steel sheets”, Journal of
Materials Processing Technology, 153 - 154, 2004

7. Boiler and Pressure Vessel Code ASME, Section VI
-Division 1, 2001

8 AWS Resistance Welder Manufacturers Association

Resistance ~ welding ~ manual  Fourth  edition(198%9.
10), 4.1-4.10
9. ML, Kuntz, JC. Bohr “Assessing Weldability of

Projection Welding Fasteners to AHSS using Finite
Element Analysis”, 2000 Town Center Suite 320

10. F$3H, A0 “THZUE 1 BB FHaAR 9@ A4
7ol et AT, =7k~ bHFAL (2002) (in Korean)

11. Kwang soo Yu, Song Chun Choi, Yong-Soo Kim,
Finess-For-Service  of = Heat  Exchanger = Tubing
Expansion Transition Zone”, Journal of the Korean
Institute of Gas, 11-3, 2007

12. Jose Luis Otegui, Pablo Gabriel Fazzini, “Failure
analysis of tube - tubesheet welds in cracked gas
heat exchangers”, Engineering Failure Analysis 11
903-913, 2004

13. CR.  Simmons, “Gas
13, 239-255

14. Hee-Seok Chang, Seung-Kyu Park, “Micro spot welding
technology ~ for  microminiature  parts’, Journal of

KWS. 22-4 (2004), 12-19 (in Korean)

«

Turbine Manual”, 1968, Chapter

Journal of KWJS, Vol. 27, No. 2, April, 2009



