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Fatigue Property of 17-4PH Products Fabricated via Metal Material
Extrusion Technique
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Abstract; With the expansion of the application rangs of metal material extrusion products, it was
urgent to investigate their fatigue property to ensure the reliability and safety. A damage fatigue life
prediction model for metal material extrusion sintered products was established considering forming
orientations and filling angles. Metal material extrusion sintered specimens with different forming ori-
entations and filling angles were fabricated, and their density, shrinkage rate, tensile property and fa-
tigue property were studied. The results show that the errors between predicted and measured fatigue
life are as from 1.50% to 11.83% , which validates the correctness of the proposed model, while the
shrinkage rate, tensile property, and fatigue property of the sintered specimens exhibite anisotropy.
Key words: metal material extrusion; prediction model; fatigue property; tensile property; filling

angle; forming orientation
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Fig.1 Relationship between two coordinate systems
MME e 25 i dify (4 50 )2 J52 B8 g /I 4 B2 A 58
JE A5 A T 3R A B JLART A5 PR R R 7 1)
IR 3 oy i B0 Z 1) B TE R S oy KL K 1-Z P
2-Z VNS YN ) o B, ¥ 0, X AHE
LUF  MME BE45 il b W )2 A C R ] R om

(251 Qu Qun 0 €1
o, | = | Qu Qxn 0 € [@D)
T1g 0 0 Qss 712

Qi = E\/(0—vpvy)
Q2 = E./(1 —vivn) Qs = G2
Qi = Qun = v Es /(1 —vivs) = vy E /(1 —vipvs)
Koy HAORT 17 M RSZ R IER J] 500 NFFRHT 2 07
] K32 B IE W H) 570 NAERF O12 100 LA YIR 7560 Ry
MOBHFE 1 J7 1) b (9 1E AR s Dy M0 BHEE 2 J7 b (9 1E B

A5,y IMRAE O12 1 W YIRS ; E, S /K5 1 (0°
HFE) Pesit i Y s AR L E, = 51.36 GPa; E, K
S5 C90° L) B g I M I L E, = Ey =
40.73 GPa;G, WY .G, = E/2 = 47.85/2 =
23.925;5v15 o S8 O12 A5 2T A9 IR ELARTRIIA AL
Foovi, = 0.343vs = E,v/E, = 40.73 X 0.34/51.36 =
0.27,

R B RE AR OC R R T MME a4 il 5
TEWEZ A BR R (012 AR R T IR E B ) - AR
150,75 1§ MME % 45 il i 19 15 58 4% 1] 5 M, o 22
T MME B 45 il i 254 5 5 ) b 9 0 g - g A%
KFR . MR FE T 586 A —BU,OXY A
B 2 N L ) -I0 28 5¢ 28 n] LR oR

o, Qi Q 0 €,
oy | T ém ézz 0 €y (2
Y ey

0 0  Qu
ékiﬁ:(}z'y

Qu =E./(Qd—v,v,.)

Qu = Qu = v E, /(A —v,v,) = v, E, /(1 —v,v,)
oo, MR X R B E R 50, ARHE Y i
7R 57 69 1 B 7 570y RAETT OXY 1 L #YI R 7 se,
Sy BARHE X 51 E Y IE R AR se, R BARMEE Y 5 1) b i OE
BEA 7., MAHEHE OXY 1 Y E 28 s E, b RHE X
Dy B B S RERLE Y 7 T R BB G L, R
DBl BT VIR 4 5, v, AR50 OXY A bR 2 R S IFAA LL A
BIVAM L svayvie = vigvar o

P AL B 2R 2 [E] B 1S F) 6 R

Qun=E,/(1—v,v,.)

6. o, )" =S8lo, o, 71,]"
cos® 0 sin® @ — 2sin fcos 0
S = sin”* @ cos® 4 2sin @ cos 0 ]
sin fcos § — sinfcos § cos’ § — sin® 0

S ) Al A e
P A B 28 2Z ] 1 LA O 2R Oy

[e. e 71T =Cler e 70]"
cos *0 sin” — sin Gcos 0
C = sin® 0 cos® 0 sin O cos 0 ]
2sin fcos @ — 2sin fcos 6§ cos® § — sin” 4

A . C g 1o AR Ak 0 4 B

£y 1R 1 A B D 0 873 97 X R 75
£ 7 AT R — BN OXY A bR R 1Y
J-RiAEXR

[ Qi Q. 0 €.
oy =S| Qx Qi 0 c'! €y (3
Ty 0 0 Qs Yy

F AR SCHIF 5T 19 B0 R B b B RV EE X 7 )
B E, L R i Q. BN SR E, 3
kb, B2 (3 i

e 1583 -



ohE ML TR A 36 % 45 7 1) 2025 4R 7 H

Qi = Quicos' 0+ 2(Qus + 2Qus ) cos’ Osin® 0 +
Qusin' 0 =E,/(1—v,v,)=E,/(1—vpvy)
H SR A
E, = [Qucos' 04+ 2(Qi; 4+ 2Qs ) cos’ Osin® 0 +
Qusin' 0 (1 —vypvs)
1.2 EFES
AR B AR MR £ S A A T A
0 = 04A0 e + 2pe;
6111{1 P= 8,,,:{1 k=1
0 i Fg 0 k #1

Ev . E
A= aroa—z 4T a+n

Koy ey 8BRS 40w AR AR 43 i o j T AR IR
oy Mey, “HEFTMN . =1,2,j = 1,250 AR 1T
7K 32 B IE R JT 500, A BT 2 J5 10 7K 3Z B IE W T 5010
JHEMT O12 V1 _EWYIR J136, 0 A N5
kol Bk dg bn . T80 s B A AT S B AE A
OEDR X

W% 57 E AT FH T MME B8 45 61 i 938 2 7=
AP IT BT . AR R O E AT ED 2 )2 HE R
T 20 B (6] D7 1] 9 9% 55 458405 1 Ak 2 AN 1] 1Y
BRIV 55 458 s 75 A 52 B A% 1) S . R SR AE MME 52
235 ) it 1 2 55 B O 5 ) A

D=1—Em/E

KW EG) HE G M BHER I IR A 0 I 18 5544 A
G E E AR EHE TGS 0L T i A

HAR LT D BEA T oCRHIHD F1 158
S Z I, s 30 2 AR 1 i S A 4L

B —D) E(1—D)
T A+ Aa—2v) 2(1+v)

HEIAS 2] S A B AR E R .
oy = (1—D)(,;M0uey +2pe,) 5
9 55 451 17 02 BB I AR S 0 1S 0 R W] i
PR i sl AN B IR 2R —
AT E H RE = SEE T RN

AD /tn=G=

of de, af | dT
9 o4 de e a1 T de *
af dD
(p 55 +Y) TS =0 (5

ey R BRPE R AR S fik s RN T 5 £ R B R A
B RS T 12 R Y S K 5 1
ZF des; /de AT /de odD /de AT AL, A (3)
IR
Y=—p = (6)
R R P AR EY A HBE of T
TRFY N AR B W, B
pf:W:J o dey; 7
B 6) 2 (7) A5
. 1584 -

IW

Y=-35 (8)
S5 2 () ATAF AN ) 43 i 3ROR ) N AR Ay
A+vie,;, v
T A DE 1 voues
¥ e ARAZR(T) 153 D AR BE 2 B 1Y Rk
- €ij o 14+ 2
W*Jo siden = S - py°”
F Uk AT 5
(4w}
~ 2E(1—D)?

AT 05 18 Ak 05 A2 RAE MME il i 76 9%
55 A7 NI A3 e A 545 3 A L B
dD eV,
dN (1—D)
R ceg g KA RSO R 1Y 0 S kB0 3
s,
£1 EHRGSH

Tab.1 Fatigue damage parameters

Rk e g j

Y 1.36 X 10710 7.62 2.35
F# 1.92 X 107° 8.80 1.57
Fi 1.12 X 10~ 3.66 1.43
F¥ 6.28 X 107° 3.76 1.32
EyY 1.06 X 103 3.11 1.36
FY 1.17 X 1077 3.46 1.62

< F FOR A WU L RO M SR JE R AR R ATy
LRV 2 7 T
SR LR BT AR ) 3R 1 4503 38 Ay
N
dD e (A 4w)fek.
dN — (2E)* (1—D)*"
A 20 e B RALAIE 55 14 T

A ] A5
dD e(1+v)eci,
= “ AN
(1— D)= (2E)*
FRFH S HIXT D F1 N FRAA 15
D 7{0 dD B
A—D)*7 Jo 1—D)*7
Noe(l4+v)4c2, o e(1+ )42,
L (2E)* AN = (2E)* N

ety b =R A4S R 0 AR OC B4 AR I A5 i 8 AL
iR

2 N —
O N =

(2E)*

eQg+j+DA+v)¢

AT A5 2 55 iy Al e KN F1 2 18] R O &R
N (2E)*

: e(2g+ i+ DU+ v)4ek,

(1— D)=+

(1—=D)Hx=5" (9)

2 ERHR

il 4 1 AN TR B J5 1m) ML SE ) RE Y 17-4PH
ANFE N W SD-S T8 3K A be 4



17-APH A8 BB 808 il i 19 52 57 1 BE

LA Kl st &

I XHBE S 1 14T P A S 56 RN 95 5L 56 L BIF 5
BUIY 7 1) FIEL 38 A 13 ) e 45 10 1 r A 2 e A 9
95 P BE 1) 52 i LA
2.1 XEHE
2.1.1 AE=EHRFT

PL Ultrafuse 17-4PH & & 2% R B ¥ K],
F Ender-3 S1 Pro W4 BB AE SR, il fFfi
P S5 IR R ST S % 1SO 1099:2017 &)@ #
HIE 55 3 il 1) 45 O AR UE L IR 2a PR
ZIE B TR R I X Y & Z i iy
RRSE 43 5 R it ROSF 9 1199, 122,506 K&
123.5 %0 K- H 05 1] B A= 6 44 i R H o &
2b. I 2¢ N,

- 100 .
28 10 24 4
ﬁ I -
v ¥
% ©
=t
()R~
119 R
33.32 11.90 28.56 4.94

7.35

14.70
0\4\‘

(b) 7K 5 1] B 1 4 i R

123.50
31.58 12.35  29.64 _ 4.90

- T
Sy )

vl <

& <

)XG
(o) B 7 1) I i A g R
B2 £&EGFR-T

Fig.2 The dimension of green specimens
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Fig.3 The diagram of green specimens

x2 ERGRESH

Tab.2 The processing parameters of green specimens
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Fig.10 The internal porosity schematic diagram of

sintered specimens with different forming orientations
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Fig.12 The tensile stress-strain curve with different
filling angles
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Tab.5 Tensile performance of sintered specimens

with different filling angles

B URL IR B /o PR AR R /| P s | B i | R 25/ | TR
| MPa GPa  |Bift/GPalthitd/GPa| % /%
708.61 52.05 0.75
TS | 721.96 51.83 51.36 51.36 0 0.64
668.71 50.20 0.72
629.71 50.36 0.64
566.41 48.37 0.54
T4 | 399.77 47.25 49.40 52.65 | 6.58 0.35
438.25 50.32 0.43
422.19 50.68 0.41
431.38 47.71 0.42
TH | 391.13 47.15 47.85 51.68 | 8.00 0.37
466.96 48.70 0.48
244.72 41.22 0.44
T4 | 232.57 40.50 40.52 44,94 10.91] 0.27
192.12 39.85 0.24
342.52 40.91 0.36
T | 276.61 41.20 40.73 40.73 0 0.29
230.42 40.09 0.29
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Fig.13 The internal porosity schematic diagram of

sintered specimens with different filling angles
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Fig.14 The fatigue fracture of sintered specimens with

different forming orientations and filling angles
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with different forming orientations
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Tab.6 The fatigue performance of sintered specimens

with different forming orientations

FEAMEE ‘
| R ey | E ;% ik 2/
n & far / o/ FHAw/ Py lg N )B(_Z:’ lg N pre Iy
kN MPa s < FFfn /s
12.80 1238.3
12.54 | 560 [1317.2/1247.1| 4.10 |1301.5| 4.11 4.36
12.83 1185.8
13.09 600.7
Fl])_[ 13.22| 580 [673.3| 683.5 3.84 762.2 3.88 |11.51
13.02 776.5
13.58 398.3
13.67| 600 |443.0| 437.4 3.64 454.6 3.66 3.93
13.64 470.9
7.5 1297.34|525.4 3.72 558.3 3.75 6.26
F%v 8.5 1336.67|267.9 3.43 236.2 3.37 |11.83
10.0 1399.68| 65.6 2.82 72.0 2.86 9.76
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Fig.16 The fatigue life curve of sintered specimens with

different filling angles
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Tab.7 Fatigue performance of sintered specimens with different filling angles

s | mAEB/N ;Jj’hﬁf 535 55 /s JF;A:E/% g Noy }2@5% lg Now | 222/%
12.80/12.54/12.83 560 1238.3/1317.2/1185.8 1247.1 4.10 1301.5 4.11 4.36
F?_[ 13.09/13.22/13.02 580 600.7/673.3/776.5 683.5 3.84 762.2 3.88 11.51
13.58/13.67/13.64 600 398.3/443.0/470.9 437.4 3.64 454.6 3.66 3.93
7.01/6.98/7.03 300 1329.6/1361.6/1263.2 1318.1 4.12 1252.4 4.10 4.98
F%_? 7.34/7.17/7.19 310 774.5/622.6/629.6 675.6 3.83 7032.0 3.85 4.08
7.51/7.48/7.56 320 473.2/426.9/391.1 430.4 3.63 402.1 3.60 6.58
4.52/4.51/4.54 200 1373.6/1236.2/1274.6 1294.8 4.11 1254.9 4.10 3.08
Fh3 4.98/4.82/4.89 210 648.2/630.2/567.1 615.2 3.79 624.4 3.80 1.50
5.41/5.42/5.39 220 381.7/318.5/361.3 353.8 3.55 330.1 3.52 6.70
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FS])_? 3.03/3.07/3.00 130 680.1/624.3/566.2 623.5 3.79 695.3 3.84 11.52
3.23/3.29/3.28 140 463.1/353.8/437.1 418.0 3.62 438.4 3.64 4.88
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