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Abstract

By combing and analyzing the automatic processing process of grain, as well as theoretical analysis
and experimental verification of grain holding force, tailstock jacking force, larhe clamping force and
inner hole machining moment required in the processing process, this paper designs the correspond-
ing automatic processing device to process the grain automatically, which also makes the grain pro-
cessing realize the man-machine isolation. The essential safety degree of grain processing is improved,
and the consistency of grain processing and shift output are improved.
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Figure 1. Typical grain structure diagram
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Figure 2. Processing steps for grain
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Figure 3. Outer circular end face of rough turning
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Figure 4. Drilling and reaming
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Figure 5. Finish outer circle and brush the residual powder of the grain
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Figure 6. Finish outer circular end face and the rupture sleeve used in the sequence process

6. HEINEIRERAFMIERNHOE

DU B, EEAFLELLR [ R

1) Zifn LI R R AR, Rt R, RS IR A R &

NG REIE S B RL, 5 s IR AL 370°C LA, Z T2\, ZEH I RE A B Py AL TR A K
Ah, KR T RAERA 2SS4 SR U S 800 77 T IR Em . R, 29800 T AR L AL
BES, fAE—EM el EHIEIN TG SN BT, IO RAE 3 lARBEMESR . TR

WEAEPRIN T, RXTEEA N T AT E A, 0 T R =R 2R R B AR e At B, SR IE S A7
FEO A R fE 55 o [RIIE, 2R an SR AN (B AAAE TR AE L5 A, RAMREIE AT it ks AR IR VE F i

2) ZiFEIN TRCRAR

EA PR, ORI 2N L, F R A, SRR LA s FR, PIAZ
FERT TR P2 AR A T AU AR E R = AEANE, WH BT E N R RAEE TAEAE] 4 /BT, R
PSR AR, R IK SR PR A Re st S I B M oK

ZELRTIR, R [E AN KO A RN L T ARAE e, E B BRI F i T
P AN KT AN T 20K, 3R T2 AR S RS I ke, MARAR L sEEl AP &, $R A
JR %24

3. B A SHEBEM I TESHHR

[ /I i 25 L B B0 T3 B S T SeBLZGAE A R AN S i 4 B S0 T, A SR B SN T
i BF S AR L ) 388 P S TOR S MR IS 24T L R4 It e e B Sh TR B TR 0 AR RS e Sk Je R 7
PABe AL TR A

3.1 AHECEARTRENOHE

FLSCHLZGAE I B BN T, 7 R AL NSRS 25 EREAT B 3h e, 1 24 okl A AR R A
HRFFIIE KT RE 2 FEAGLE, JeRF Il /N LSS NAERISZGAERT, i TR /A S B2 it
DU S i, SR E A IR R, e TCIE T T SEEL 2 AN T ke s A

3.1.1. RFHHERIHE
WG B R, e 4 e 20k R M 6 AN A, JeryLA R B R 2 AT BRI 254 6 AN H

DOI: 10.12677/met.2025.142016 153 IR AN ST N


https://doi.org/10.12677/met.2025.142016

TR 55

FH 3 AR

I L EAr AT, SIS REN LR R B S 2 LR =7 T K

1) JERPAUAL R 2T (B ful mT SR 1) 24548 6 /> 1 BH

2) ZIREAE RN b2 e B 77 i PR s

3) JRFHUM S BB

2GR AMEARRAE o] 01, AME SN ANEAE T, R SIS FR AT R Z5 R (M G —, MERFFHLIG T R,
Gr— LAAI B R T AL JERE A

SERFAUAE R FH 5 2k e e, DASTIALBR 1) 5244 6 AN B E B2 2R, O FRI5 B 0 R 2 S 79 7 THD PN 2%
SENLI)H BRI 2GR B BB, R0 H 2 R B BRI ] 5.

WEBOT, YAy Vs 32K S, 2k (B L) el R I (CF i) e, b R )
3ANEHEE, REARG 4 A E B, w4 A EBE. ikos & A e R
FE AR 3 e

1) 3 A dEfih(3 MARFELR);

2) 1A AR 2 AN 2R A (R AN IR T 5

3) 1 A s BEful AN 2 ANTHI e (T AL ) o

x5 8 BN G — ) Je AL AE 2 S B T AN TE T, 044 58 4 [ I Ak 2 6 e A 77 3CR R ¢
AN AEAEE 1A AR L AR 3 A SRS, RN AT R TE R, 1A
R 2 SRARERT SO T, SRR LA v B AN VOB EE M B 2 B HUE

YNNG — B, EIRNE &R mE iy Rkt E, WHiERREMEE, TR
FHRIAUR SEILAAETE I T X IR 32, BT 2k A& @ F B A B g5 1), SRR = e dE—
Ui () 7 N2 AR 2k R S B, BT Z0kE 10 B RPRIBIE 1) 58

Ak, HIRIEREE TR A VO HE A F B AH TR A 2 R B I R 2 A i S o A TH B
filr, 7RI — @ IR, BB R Dol R 2k Je it B R B AL, Rl it
T T 7 AR A R, TS B AR R R, AT H AN R AR B T3, SR V IRk
JIRIEFEZE, AWE R T V IBEFRTCRIEFEZHE, WK 7 iR,

RN

N
N
~

HRERE IR RAR R AT, E R KW R S BRI AR, S i /IS LR AR R IR 2
HERF, BT AN SECE R A SR, SR T E I IR

HLES NAEJRF G REAE AT HIE I, 38 R A2 AT 1907 3 (H il T 29 T R b i Je 25 4 Bk}
Sk AARIBEHEE D, RN B R AR 2 AR XN, A8 25 A e 18 o e i ol o 2 A5 Al 20 5 7K1 i
HEE ERE, EHRFEIANE, Waig A i b 5 I A 1 3l fm e skahF JE

N

Figure 7. V-shaped gripper
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Figure 8. Force diagram of the grain
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Figure 9. Clamping force test
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Figure 10. Expansion core top sleeve
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Figure 11. Schematic diagram of outer circle processing simulation
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Figure 12. Force analysis diagram of turning tool
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Figure 13. Force analysis diagram of grain
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Figure 14. Tailstock top tightening mechanism
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Figure 15. Top tightening torque test
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Figure 16. Design diagram and physical diagram of collet chuck
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Figure 17. Schematic diagram of interior hole and end face clamping
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Figure 18. Force situation of grain clamping
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Figure 19. Verification of clamping force test
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Table 3. Clamping test results
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Figure 20. Restructured inner hole processing tail-
stock
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Figure 21. Automatic overall layout of grain of solid small rocket grain processing
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Figure 22. Architecture layout diagram
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Figure 23. Block diagram of production line control system
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Figure 24. Setting and monitoring interfaces for various processes and control parameters
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Table 4. List of control parameters for solid small rocket grain automatic processing device
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Table 5. List of process parameters for solid small rocket grain automatic processing device
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