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Development of forming method of curved small tubes with helical
fins using extruding press
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e RO EE  (330) : For producing curved heat exchanging tubes with helical fins, an
effective forming process in which a billet is extruded through inclined dies is proposed.
The extrusion tests are carried out using an extrusion apparatus designed specially in
order to investigate the formability of the extrusion process. It is clarified that the
curved tubes with the straight fins are easily formed, but the tubes with the helical
fins deformed spirally are obtained by applying the extrusion process

AR TE B
(&AL - M)
[ERES T Rt & &t

2008 A JF 1, 000, 000 300, 000 1, 300, 000
2009 4 JF 1, 800, 000 540, 000 2, 340, 000
2010 A JF 700, 000 210, 000 910, 000

R

Gy
woRt 3, 500, 000 1, 050, 000 4, 550, 000

WFFEs 8« T2

P o535 F - fiH - BB ERETA - T
F—U—R ML, Fa—7, ~UIAT 12, gIBEMN, BRZ A2, i

1. WFEBAE S WD 5

(1) BARHHAEEE D74 v TFa—
TV, AEEICHOR DA~ BV T ¢ v B R ORE
BIGREZ LTWb., 2D, — %Iz 7 1~
Fa2—T O, Fa—TI0 74 0 HE
DNFBEHANNITF a— T HIRETHZ LI
X 0iThnTnad., LoLaRns, mET L
X =T AMIEMRERE BTV R T AR
HEHEN, 77 AF v 7 LRI
L ARG REEN TN, T EERE R A Fr

DT TAF v I MR EIND 2 E, FiMED
{REVE ~DEH D A[EEMENE F > TE TV
BH.

(2) FH UL, [N %)
LTC7 o ANHEEVE 2 R 5 2R B < WliE
THZENARE, T4 tFa—T%HE
T o TeMBFC— KR35 Z &3 HlRE), [ 7
4 Fa—TE—KLTH LIV E
WIBEENG NG, T 4 F a—T K



TEAZ B TR D SIEHEANIZ B~ Ty v
NHWEEL, 7 4 v F a—T ~OFMEHEA
OREHER & L CRE BB Z RT-T LD L
HEEND., LLAans, @i oM L
TETIE 74 v Fa—T7%KETHZ L0F
WO TEHLWORBIKRTHY, 74 F2—7
R 2 ATREIC % 81 LW L Eefly oo B %S,
F AR OEREIN & L TOMENL N IELE
Ehb.

(3) WFFERFEE X, BRI REE TH D
T4 TFa—TEHF A AT MHLINL
5 #HWT—EOINTL CRIET D HIF (-~
VAT 4 v F a—THH UEEE) %%
LTEY, BRICARKE HiEEHWA Z iz X
VD, LR UNAK S5 /mDEaltiny
VEF a—T L LR, oK TRk
BT 252 LB LT 5.

(4) AWFEIZ, 7L 7 AMHE LICET %
M BFO®REICEEZNTEBY, /¥, K%
K OV B TR0 B OBF ST E T2 T oA T
Wa., ENTIE, 2TV =0 A0 O
K, EXREERY FHK) , fHRTEKX
7 (ORI %, A ok 2 dhiin
> TEAL &/ 2 FIEIZHOWTERIHET
L, @RERE (RRK) 1%, #4 AERHFH
UNNTEIC BT 2 BT 7 1k (PR &
LR IZOWTHREILTWSD. LavL7Zen
O, SWEER LT 4 v F 2 — 7 O TEE
(B B HFZEIC W T, ERAE U T4eL
R HILTUVRUD,

2. Mo HE®
NYHNT 4 o F a—T BB EED
FEE LT, ¥ A AMERHFH LN TEZE A
L, E EORMBESZMET 5 & &b Ik
FEERFT 5. &I, BNEth T v
Fa2—TEHEHLICEVEREBET DD
R oM % B,

3. WO HIE

T4 Fa—TEEMEELHELELT
X, WFZEAREEE DMk ) & AFFEBR 58 & fkfsi L
ERLOIZE L TWD X A ZERH L
INTIEZBEA T 5. AGIEFMENTE 2 i
FTHZ WX HELHICEH® Y 2R84
DHETHD. Fiz, 74 v F a2—7 DIRIE
74 ORI EHRE 2SI 5 2 &
Lo TUT- TV 5. Wil L HiEE ARG D
THZ LI VBM L TFa—T %
I T % T2 012X, FEHEZ A B B Ry & 2
BT DIRENDDH. ARIFIEIL, Bilic7 1
Fa—T7HH LB EE S REL, £
ZHOWTHKRD (1), (2) OFH L FEER % i
L.

(1) APVv—=hrT7 4 Fa—TDEALR

AR H L SR

WM THETAM TCODIN T —2 LA
EAWVCHHLERZERL, 74> F 22—
T O FERI I e R A R A L7
OFhkE

BT A TEBR I A U 7 FEBR S & A2 o T
PR U SEBRIE, FEBREEE 2 50 ton TR BRI
ey b, AT L EXI—Tuay &L
Tary T FICHAL-HERZEMICATTZ2
T HETIT o 7.

K212 LEREO R OB O 2R,

arTF

~v RLv

X2 R LR OFRM OLTE



@ %1k

KIS\ LEBRIZHER L& A4 ARk %
R A A, EES 2m, Fa—T B
IR (Fa—74%) 13mm, BWET 1 V%
HAY v MLES3m—EE L, #1471
— MLEEEA (FBE7 4 M) 0 RO
A 7 v— MNMLIElERA (B 7 ¢ vlaldsf) &
FNFR10, 30, 50° KT, 45, 90° &
TALESEZLOEMHLEZ. < FLg,
S EE6mm, SeimEREE d=8, 9, 10mm& L7=H D
AW, £, arTHEmo 4 2
[T EROERA (X4 AERA ) 1X, i
LA MICE AT % Fmicxt L7To, 15, 30°
L7

FEL, MEAE L CRBRATY, FEh e
AT IR T H A AOEERREIZEAR LT
%, FHLUEE (X7 AEfTE#EE) 50mm/min
THEM Lz, EBRIEEILIS~25CThHoT-.

43 & A AR

Q) ~NVANT 4 Fa—T DA AR

FRH U 5B

K4 FITHNAT o IV A 27 ) = —HH
LIgIZ L Do~ RUovmlds@iEf i L, 5
B O LM OBEEZRT D, WimlZd i
DHRAET L EFEFFICHHINTE 74T 2
— NI FERIC K & < B b3 2 BLGe 3 %6
BlL7o. e dhBlgy, 74 v F=2—7%
UK, LBk EIZkiiE 3 2568121, K
XefEE L 0D, ARATERCEM L7 BHE
FRHY U SEBR Ci, A L OIRICEEMER
2L, ERADNEE LW, MM THES
W T —7 v A O LEREE
B U, WRBEVE B AR IR RN 21T - 72

K4 HHLZOWRERY) Hbe= 1%
T4 Fa—T

O FEBrdkiE

EREFE L LTUL, 74 ichthad b5
D7, I LILOMNE DR 28D 4
A FL—reBERADEEHEEL A 2%
a T FHOICERY A, $-HH LEHC<
v RV %E— % CllERT 5 8% i 2 72
HOEFHFICEEL, EBRICHWEZ. K5I
AP L7 EEREE &R

AT I

< R LV [El#E
T AR

© FEBITIE

KelZ~Y 7 4 P L FEEET L
INZRT. () ICAREBRICHEH L7oMadE 4
AAKROO)ICHH LET VERT. L
FEERTIL, XA 71— MLBE X/ 0=90° —
TEL LT, ¥4 7L — MLEEEA E=0° KO
75° OO E A T L — FEERAGDYE
MMEEF A AW, 2O, MAEELA
ADF 2—T IR (F2—T7 %)
12mm, RE 7 4 HAV v LB A41315°
(—#H A ZDX A F L — FFLBH X 412 FA
Y) —EEL, BET 4 EEHAAY v ML
FX1=4, 8, 2mEZB{LIETND. P,
AREBRICHEA LI-ZXA 7L — FEE (X 1nn—
B, < N R ORI 5EER (1)
CRIEETH D, Tz, XA AEREME =0, 20,
40° & L7-.

BRI, AMKESZME T,
KA ADEEREIZEBAT L2, ~> LA
R 15, 30rpmlIxf LC, fAH LEE (2
T LAEITIHE) KI40mm/min THEE L7-. FEBR
IR 1320~24CTH - 1-.



A;
L9
N,

‘N!!VV

(a) MAEEFA R

O)HEEL A AL D W LEF L

X6 ~UhLT o oW LFE

(3) 7 4 v F 22— T DORIENERAT 1

(D, (2) CHEhE L= LERICKITS >
4 F a—T ORIEREDOFE, 7 4 T
2 — 7 N OB > TR ICE R
T5HELTT-72. FHMEEBE, 740 F =
— 7 OB EER R UAEEE L, 21
ZHME O MR L Rt U 2 il 7
A= L U CERANS R IER M A 55 L 72

4. WFFRERRE:
1) ARL—hrTZ 4 Fa—TOXAAH
FHPH L EBR
T4 DRNLEN R D T 4 F 2 —
T A ZMEFNEZ DT L, BT ¢
VF a—T ORI EEEERFT D LR
WE IR I RAPE 2 SRR L7/, LT o
A e,

D ¥ A AMER T 4 v F 2 —THH LTI,

T4 DNE (XA T — MLEEA £) (2

B < A—HmIcEBM Lz 0 v F a—
TR ERS. (K7)

® WEEShE-7 4 v Fa—7 0T,
FAAMERME L, v~ RLAVERERE ¢, &
A4 7L — MLEEEA & NN 5 12fE-> T
HINT 57, ¥4 7L — MLBAX M0 N KX
725 LT HEm 2R

@2) ~VANT 4 v Fa—T DX A AMER

FRH U EBR

<V R EEERSERNLMELFM
WX LT MET =X A A DI B
B2 I kA XA AR LI A
L, B~V INLVT 4 o F 2—T O ER
Fr, BIEHEZ A LI2RER, LLF Ok
57~

(a) ¢=10mm, E&=0° , H=30")

(b) ¢=9mm, &=45° , 6=10°

(¢) ¢=10mm, &=90° , 6=10°

X7 RS ARL—h
T4 Fa—"T
(& A Ak =30 )



O ~ v R v ZElE S W7z 2 A AERHT
HuizkBWTiE, ~V N7 4o Fa—71%
HERICHRIE SN D Z RS (K 8),
ORI EE R U EIC XV EE
ficx5.

Q@ SN~V INT 4 Fa—T0
T4 RUNAy AT, T4 RS TICH
&7 < = v KL JVAHREREE d 23095 (2 fE
> THEIMT 5.

@ SN~V INT 4 v Fa—TD
R 1/r KORENAy 1F, WInb & A
ZMERME (O v R L VAEERERPE d o HE N
AR TN 228, 74 REINEINT 5
EWTIA T A AR, (— B, X9~
12)

@ ~ v R VEESEHE ICx L TiE, <~
KU VIEIREE O IME~Y IV 7 4 > F
22— OMBOWDITORNLDITK LT,
tbra Ui s 2N &8 B0 2R 7.

(a) d=8mm

(¢c) d=10mm

X8 S~V hv
T4 Fa—T
(=20, 1=4mm, n=30rpm)

0.053

0.04 -

0.03

#HEL r 7 /mm)]
=
=

== | =4mm

oo -
== | =8mim

=i~ | =12mm|

8 a 12
7 F AR d [inm)

K9 74rFa—THERLv L
S ER 7 O B4R
(Z =20° n=30rpm)

ir ——l=4mm
1 - =&=]=5mm
=t=1=12mm

seda UEw® fmom)

9 10
T F LS EREd mm)

X100 Z74rvFa—THhRALNAE
< R L LSRR o %
(£ =20°, n=30rpm)

0.050

0.040 W . "

funm]
=]
=
f=]

w 0.020
3
B —4—=d=8mm
& 0.010 8 d=0mm
=t=d=10mm
0.000

8
7 4 ¥ B &llmm]

K11 Zq4rFa—TRL7 0 EX
D% (£ =20° , n=30rpm)



Feia 3y foam]

k=21

i
A—
v ——--.4&—. 4‘
; \_0
, . —=d=bmm
—-d=0mm

1y d=10tmrn

0

4 &
74 Y E S mm]

X12 Zq4rFa—TnlnAme
7 4 RS OBR
(¢ =20°, n=30rpm))

(1), Q) OEBRERND, XA AMEARHTH
UNTIEIC X287 4 v F 2 —T ORIE
X+ FRETH D Z ENHEMNI o2, FF
W2, AML—F 74 v EFOST2—TIZEHL
TIE, AGFEZAWNDLZEICEY R ETD
BHTERORENATRETH D Z & NS M
\Zipodz. Fi2, XA AMERHRH LN TkEE
ANWTEHA~NY ILT 4 o Fa—TE2HH
TN, F 2 — 7 PIBFEIRICE TR 5 5
P % B 72 O LR T O i K O T AR A3
oD THEE LN T LS BAREIC 7e > T2

AR ORFFETIX, RGEEZBEA~Y >
4T 2a—TORFICHEAT DHEOEER
FORBESZHMBEIZL TN D.

St AHEEESERMNEA~Y DL
T4 Fa—TOMLEME L THYLT D
72DIIE, F2— 7 ORBEZETE 2 3iH] L7222
ST LWE A AEEERRTHZ &
DARA[RTHDHEEZLND.

AR, ~VINT 4 e TFa—Th—
KT 2 L RSB HERZMH 552545
FTCIZRWVWEH LWINL HEEZELTRD,
EINAME C CRBEOIFZEIX R S 72 5 720, R
MEICBWTIREL TS V4 v Fa—7
RTE T DS HENE T B & BASHL & ey R~ —
ATITH Z LN TE, R ES %
RHIATH 2N TE 5/ OREm
\ZH 5T 25 ERRFICBE T A v OE & Bk
ET DB AREICARD EWIFTE D,

5. BRI IE
(FFFEAREEE . BFSE 0038 B OVEEERFZE 5 12
=)

L

6. WFFERL

(D) W s

M Jt1E (SHIRAISHI MITSUNOBU)
RS - TR - Hibe
WF7e&%& 5« 30144885

(2)Wrge sz
L ( )

e E s

(3) N T
L ( )



