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Abstract: Microchannel gas forming experiments and numerical simulations on 304 stainless steel
ultra-thin strips were conducted. Stress distribution, strain distribution, and thickness variation pat-
terns at different locations of the blanks in forming processes were investigated. The evolution mecha-
nism of the microstructure at typical positions of the gas formed specimens was analyzed. The compar-
ison between experimental and simulated channel profiles was performed to validate the reliability of
the numerical simulation results. The results show that under 25 MPa and room temperature condi-
tions, the thickness at the upper fillet decreases from 100 pm to 84.05 pm, identifying the region is
easy to rupture in forming. The simulated channel depth was as 619.67 pm, while the experimental
depth was as 556.34 pm. Post-forming analyses reveal that grain size reduces, dislocation density in-
creases, and low-angle grain boundaries raised from 58.04% to 62.61% , which demonstrate the sig-
nificant work hardening effects.

Key words: 304 stainless steel ultra-thin strip; gas forming; micro-channel; material flow behav-
ior; finite element numerical simulation

Y fE B HI.2024 - 08 - 29 0 3l &

FEIRE LT RIS (YDZISX2022A020) 11 LSRR S SRIASE S P/ S

32 K I T2 S 0 2 5 4 4 7 M 5 e T L % 50 o or e . " -
ORI IR T PR R AR RAT (1 T A G TR R

(2023HA—TYUTKFYF018) ; &% — L Jifi v & B} P 4F 2 2% R } e ol

B 5 SRR R AU R B R A xR A

* 1416 -



304 AN 55 BA A O T UK MUTR R B AT O B O AL 4

koM kREFED OTRE O

BORM S BB 38 A7 7R 3 09 RSE R0 %
AL 8 T ORGSR A Ry 2 8 L ] e AR K
HMEFE G35 BT b R BT R R A A A%
Se M IR T 28 T 1M AR LA AR 5 4 T RN
B E X A A ™ o A A A R

S IY S — B A 3t P 25 1] ORI o A
AR 4 T ARt e g, 8 R A M AR T 1Y
WOV T2 5485 08 7 ik Ml e, O o ae s,
BN AN G IR B SR AR, e TR AR 4R Ak
TR 7, g 7 A5 2 (8] B 5 OB Y Al 4
i o AT A 50T B BB B 2 A b 0 JR 3 T 24 1]
R, ORL AT BUY BR B R

WA TZZHTHRMAHKE. YU
AENHE e R R LXK S NI AT R R
SN S, B PR O AL AT P 4R v N R Y
BUEMERE . iR B RS SR IS K BUE 7 2 1 52
TR AL IR RN S R I T 2 4 4 R
JEAR IR 0 e, K 3% )2 AR 0 S AR BOR IR
JE R 230~250 °C , BEEIE RS 1 44 fig HEFR 1Y fr
R R, HE R R R R T W R
ESMAEILI % W58 T3 W) 0.2 mm A9 R}
HL B 58 A 4 U Al K BOIE 1 O6 B 2 8, 3 i ik
AR T U R B AR B R AR R IR A
BUBARZ , Je B3 ISR TR T3 Fah 1 18 £ 2 42 s
ANKAR BT BT A R S AT B AR R A
%, KARGAR-PISHBIJARI 4 5% JJE B 0.1
mm i AAL070 FRARHEATBERH F it BUA Al BRIk
B % BRE 25 0 38 TR 96 L A3 IN , BRORE Y O 1
REHEE  BOBHE T EE 400 °C VA 4 MPa & 58 L
0.5 M BEJe £ 15° 0 e Ve fe by . B IR WF ST 34 5
XPASJEHT I/ N R G AR kA AN BR SR AR T
BT R 1) T 25+ OB BiF 52

VI 227 B 10 UK BUR BUE A AU ST T e 1)
LIRS . s 55 R A BRI/ 7
DRERL T B A A RS R 0 BOE i R O 8
b 3 BT T AL A1 B R JES 43 A R R B O E 48 S T
SR K g - ) 2. gk T A A s
T Ti-55 A 4 U Bl SR KRB o B Y -
WD Z 6 A BT B, ke B B R R U R
Joi o RE e KU AL Hh o U X A & LRI AR
TR AR i M B RR L B AR R X R
[7) 45 0 B A Ti55 & 4 iR AT E T A
JHC IS 50 A5E 40, O MR 48 50 A5 4L 45 R 3k B 4
MPa IKJE & 3 A7 AR OB 5. XS
REALL 4 K T o BE IR 257 9 AN,

AW 29 T A KT 808 R aY KB T

BB, L B X o A K TR B5(E AR 4L )
FEAARE ., WL, ZH L 0.1mm J& 304 NFEW
Wi BT G, R A AT i T A L L 7
25 MPa Y & 1N #E 47 00 18 UK BOE 55 50 K&
BB AL AR SO SR ST R D T8 R Y R
FEAS AR, 4y BT T IR 3 A R g L R AR B o A R
L B T AORHE B S I E VR 1 56 &R 6 H A ]
BUE S8R T 7 5 5250 09 B VR L I T
L EVELE S E R

1 K3 RoAR A A 2

1.1 SRIeH R R K

e AL IR KA BRI 304 AN A T AR
gk, HOERSE R 96 mm X 81 mm X 0.1
mm., 2% &8 M OB Al 8 ik GB228.1 —
2010, B it T S b s R . o e 0L AR B R il
Jp10 0 s 10 P s PRI 10 s, B 1 N SEERBF
BHE ZR T By BLSE R - AR h £k L 181 2 S5
Rk B AR TR R R s AL

800 -
& 600
=
S~
«
= 400F
g / 102
m 200 10-1
0 10 20 30 40 50

HENE /%
B1 ZETHWESSMA-FMETHE
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Fig.6 Equivalent force maps
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Fig.9 Physical drawing of microfluidic forming and

3D profile test results
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