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Abstract: The dimensional shrinkage of the green sample treated by metal fused filament
fabrication (MFFF) occurs during debinding/sintering process, affecting the forming accuracy
and practical application. In order to clarify the shrinkage mechanism and put forward effective
solutions, a theoretical model of the dimensional shrinkage rate of sintered samples was first
established, and the dimensional changing process was theoretically analyzed. Then, a sintered
sample of 17-4PH stainless steel was formed, and the microstructure of its cross-section was
determined using scanning electron microscope (SEM). Through the comparison between the
theoretical and experimental results, the correctness of the proposed model was verified. Finally,
the sensitivity of the model was analyzed, and the influence of the sintering temperature rise rate,
maximum temperature holding time, and apparent density of the green sample on the dimensional
shrinkage rate of MFFF samples was discussed. The results show that the dimensional shrinkage
rate of the samples is anisotropic (the one in the vertical direction is slightly larger than that in the
horizontal direction). The apparent density of the green sample has the most significant effect on
the dimensional shrinkage rate of the sintered samples, followed by the sintering temperature rise
rate and maximum temperature holding time.
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Fig. 1 Schematic diagram of sample debinding/

sintering process
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#1 BASF 17-4PHUZER 5 (REDED)
Table 1 Chemical composition of BASF 17-4PH
(mass fraction) %

C (6] Cr Fe Ni Cu

31.39 7.48 11.41  45.47 2.28 1.97

g
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Fig.2 Schematic diagram of sample
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Table 2 Main process parameters setting

S8 Hfy
IEE EAE /mm 0.4
B 9 5 /mm 0. 48
WS I ek 8 /°C 240
B/ (mm - s™) 15
2 E/mm 0.12
HE/% 15
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PR /°C 90
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A A (S1-i~85-i,i=1,2, ---,5) I35 75 4
B SRS R A A A T I IR /e 2 A 3, LA SE
BB AS FEF R A, R AT R AR B = 4E R
Dt A3 BT 2B PR 5 R R ) =4 RF, AT
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SRR PR, DL FE R[] O 1) B 1 Y (B AR
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Table 3 Catalytic debinding parameters setting

- R SFRIRE RAIRE HANE KR HER i 1)
°C °C °C cm’+min™' r-min” mL *min™ min
Jin#k 105 150 145 3000 1000 0 45
FiT e 105 150 145 3000 1000 0 30
it i 105 150 145 3 000 1000 0.5 600
ERULTS 120 150 145 3 000 1000 0 90

x4 PMBEEMRESHIEE
Table 4 Thermal debinding and sintering parameters

setting

n = | o NTysye

1 600 300 HEBNE 2000 Ar
2 600 60  fJEMiIlE 2000 Ar
31100 200 HASHEE 0 Ar
4 1100 60  E=ESPEE 0 Ar
5 1300 120  JpJEERSE 2500 Ar
6 80 300 A 500 Ar

3 gEH T

3.1 x,yAlH

3 R BRI A RLLE x, p 7 1) b B R ST i 4 2R
TR S5 5 AL THE 2 500~1 100 °CH, #3725 |5
it B F AL, RSTARARAR /N (VN T 0.6% HI3E TR ) 5
TETHIRE 1 100~1 300 °CH, ] f B S Wi 4, i 2
PR M 7 o R T 280 SRR B AR 8 K AN AR, SR
B 6 32 S T, AE R TURE Y e 25 A 23T 1k,
R SEN R = R S WA Y D iRt e R o TR RS LK 55
P, Wy 5T DA A A i B8 T DU RRAE S R 1w, T
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Fig. 3 Theoretical results of dimensional shrinkage
rate in x,y directions
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RN 17.45%~18.57%, 5 IS I 46 % (17.25% ) Y
RZEN 1.17%~7.67%. iR ZEFE VB HE A, 7] LA
SC AR RE A% 4 kg TG b U MEFF 17-4PH 58
SEREIR IR R
3.2 zFME

25 M RSHCHR R 5 x, y 7 T AR, REE TR
% 500~1 100 °C R ~F 22 B4R /N (/N T 0.6% 1 3
W), ZEFHIRZE 1 100~1 300 °CHFARE {4 R~ B Bl
4f | TE S5 i Tk B ORI (8] N 4 R AR 2%
Bl 4Fw, BTz 7 1m % 8T b B b A A
SENER LR R ok S,y i
LA AR, O s K T,y 5 ]

®5 xyHAERTHHEZRHBRIMLELER

Table 5 Theoretical and experimental results of dimensional shrinkage rate in x, y directions

HE B R ST /mm BeLERE R ST /mm LI WLLR R /% i RE/%
#'ft{: X y X y X y qﬁ[éﬁzfﬁ/% X y
J71) 77 1) 771 77 1) 771 77 ] 77 1) J71)
S1-i 15.02 15.12 12. 52 12. 37 16. 64 18. 19 3.51 5.44
S2-i 15.03 15.05 12. 62 12. 31 16.03 18.21 7.05 5.54
S3-i 15.08 15.07 12. 54 12. 44 16. 84 17.45 17.25 2.36 1.17
S4-i 15.03 15.13 12. 56 12. 32 16.43 18.57 4.73 7.67
S5-i 15. 04 15.08 12.7 12. 36 15.56 18. 04 9. 81 4,56
1400 HHAR SC ARSI e 5 R ERf L 50 MFFF 17-4PH
[~ £
z 11100 3.3 ML
¥ -1ooo§ MFFF 4= B K X 7 0458 235 B A 1 18] 5 1
+ logo B SR, BRAEREME R ST/, B AR . o b LR
= 1500 TS 35043 50 01 P Sc 1 S B L 22 BB 4s T 8
1700 R ERAE T i — 2R G Mkl L Z R s G
0 1(;0 z(l)o 3(I)0 4(I)0 506‘00 TR SR AR S B N ORI AT K] Se

t/min
B4 zARRTHEXRWNERER
Fig. 4 Theoretical results of dimensional shrinkage
rate in z direction

6 XT L T AEAAE 2 5 1) b R ie 4 8 3L
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Bl . P SEOBEAS FECEAES I FL B T O Es Ay, vl
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AT B SR R IA R AR A 50 pum.
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Table 6 Theoretical and experimental results of dimensional shrinkage rate in z direction

FEfE AR Beai e

g g

(i=5) RS /mm z 7R /mm eI e PR/

S1-i 4.06 3.25 19.95 9.14

§2-i 4.12 3.28 20.39 11.53

§3-i 4.05 3.23 20.25 18.28 10. 76

S4-i 4.11 3.31 19. 46 6. 48

§5-i 4.09 3.29 19. 56 7.00
B (b) 3.4.1  BREETFHEER N

5 mm

200 RN e N 0T
El5 MFFFHEEHNN . BEEEMEN
Fig. 5 Appearance, cross-section, and microstrucure
of MFFF samples
(a)—LEEREEFANIL; (b)—hE4S AL
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WME, 7 Hr R Y A R
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Table 7 Sensitivity test parameters setting

SR FINEYX, BOME FAEX,
et FHEH %/ (°C - min™") 1 2 4
I 2 R PR RIS ]/ 1 2 3

R R/ (grem™) 2.9 3.9 4.9

T R S PR R ) RN R A A B
SR, B 6 AR ZE TR H R (1,2 A4 °C/min)
XF x,y 1z 5 1] RUOSF IS 4 S5 T 9 52 ] . 4 be
THU A A 142 55 2 4 °C/min I, X R (9 x Ay 7
fi) ]SF U 4 R 27.69% B2 11.53% , W1 Y 2 07
T ]OSF IS 46 R i 29.24% [ 2 12.19%. AT WLAE 3%
630 PR PN, 2 v e Tl 38 2 (A A ROST i
RN

30 27,60 22t O 0 Vi R 4
B 7 14 R~k

17.0 18.17

—
W
T

11.53 12.19

R Weda 2%

4

2
PG FHEEZR/(C -min™)
E6 AEEREFREREI RIS RA M
Fig. 6 Effect of different sintering temperature rise
rates on dimensional shrinkage rate
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E
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I ) RO U248 56 T (L A 52 M) . 224 f o i B PR
BF 1D A 1,2 K 3 hBsg, X6 Bz 1) e,y 1) RUSH Wi 4 %
TR EE 53591 h 15.29%,17.2% F119.08% , X5 1w Y
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Fig. 7 Effect of different maximum temperature
holding time on dimensional shrinkage rate
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Table 8 Sensitivity of model to different parameters
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