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Development of high-temperature and high-pressure torsion
equipment and its application in material processing
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Abstract

This paper introduces the development of a new type of high-temperature and high-pressure torsion equipment and its application
in material processing. The equipment integrates a high-temperature heating system, a cooling system, a high-pressure loading
system, a precision torsion control system and a measurement and control system, which can realize the grain refinement of
materials under high temperature and high pressure conditions. By elaborating on the design principles, structural characteristics
and key technological innovations of the equipment, its unique advantages in the field of materials science are demonstrated. The
experimental results show that the equipment can effectively simulate the deformation behavior of materials in extreme environments,
which provides an important means for the research and development and performance optimization of new materials. This study lays
a foundation for the further development of high-temperature and high-pressure torsion technology, and is of great significance for
promoting innovation in the field of material processing.

Keywords
high temperature and high pressure; torsion equipment; material processing; extreme conditions; Measurement control

B i e EH % R SR EER RN T A ey A
BERl%E
HIERENEEME R ER AT, FE - L 200949

m =

AXABT — ﬁ%ﬁaﬁagﬁ%ﬁéwm%&ﬁ@ﬁﬂm;+%&mogaé%&?%mmm%%\éﬁ%%\%gm
ﬁ%% BRI H R AN EERNRA, BB ESESELS T EAMAG S M, 835 a0 8 R &8930 R
B, S S A, T ILA AL SRS A IR, 3L R R A A R
BFHLHATH, AMBHF QL ERAMAAET TRF B, AFLA HBEHERAEH RO —FLREZT sk,
S PR T AR 44T A E R L

KA
BiRE A WG ML, MRSt AR

1315 ISR AEEROHLA BT A TSR

AR POER IR, R Fiohe o0 o
BRI AR, BRI EE R Ry D v PR, IR R
WO, ATPA RSP R Ty ot cocar JPRFIREEPIRIN LPRORIHE ). il Ol
Bl T e L0 e P PIEORISH, MR O R IR
ES AL, RHTIXTARAT. RFRTEAARG TG, MDA PR TR

B IEHEEH R y— FA bR T ik, g OB
%%MW%mﬁmﬁml%ﬂ%ﬂmﬁm%F D EiE = LG & B T S
Ge L B i AR RE O IR T A T B ¥4 B
K, EPINFEEZAUA T TRIERES, BRSNS ooy e smmnzor sz, WemEBEERS
BRI, SRR, UL, DRRLRERE s

[EE-T] BRAE (1986-) , B, PEIUFRBINA, N
T, MBBEEE. BEAR.

126



FRBIFE IR - $02% - £01 4 - 2025 £ 01 A

RN A G

E—. BasERERaEkEs

F—, EiRIARSG R RN IR, iR
K 500°C, HEEAEMIIREISHEIAS, FERLE I EHIR
FERIRRE RS S

TR RO TR 71 R L o e 7 e P rlL B R (L D IABE RO 2
Ko HEBOWUEINR : 243828 d il R 2RI, £RR8
&=, HHSRSEE TS, SR
SRR AR, HTERTRTR (HERRAER B ) -
HT 4 E SRS EERE, BB ER &= R fEE
#, EHARRET S, MineIiing.

R I S R A

(1) 22AFE Rl o AT % v 0K B 22 52 il o B
A%, =4 (10kHz~10MHz) : W E R TSk %m
(BERRSNBE) , EmEFREEFA. IMEREIN. i
(1kHz~10kHz ) : JIGERESES, HHATE&BEREE. &K
TOERER. TH (50/60Hz) « BB EEEKR, EHAT
RS TR EEAR N (AnEIGR k) o B T ARSI
TE TR/ NNE, E&Emin, EibA &R
25KW A& iiniwl.

(2) BeniRRist: LEIRTEICE TH4eEE (s
I, SEEE) , DI o g il e . ARk
R ARETELRBIA T

(3) &M e RE (. $) , WK
PR, Ii#vEesillm; S RmbiEl (Ingkrék ) iR
SRR R A M=

BRI L. SRR, ERCVELR Tk
ReTehf) s, THAREYLEI. R
EEFE R A E .. ER DR TRARNARE, Hi
FVEELRTERFE R

BT, BENEASRASEIGEGIRE, RAE
AJik 5GPa, BEUSIH & K ZEMTEHERSRER RSB Tk o

SRR SRR SR L E— R lgs &,
DISSENSD, FIFBESR A NG EmAROELEIE,
SIEMREREE RS, UhEEER, FEiRERRE S
HEhE. SHIEERDERASIEET (P1) HESELEY

RIEFEZE (A1), D (F) MRIEIFREZE LB NE R
WEHAT, D (F) K MREFAEE . B d/NETRR P HEEAT (A2)
Hes) S —UmTE R, TR T2 0 Jo HES T B ) N R
22 (A3) W7 SPTahr L T4, Mk Elia AR E D=4
EERAREERN . SEED F= SESZEIERR X $
MBI ED, REFREE LR, RAIESRSSHE
TR CRRAEERRE S ) —RER AU AR R FHie
HJ: (1) A=3.14*D A: SJEFL#RIFA D: SENE (2)
F=A*P F: #1577 kg P: #0EJ£ 77 kg/em (3 ) N=F*9.81N/kg N:
SRl

=, AR A5 RO OEIENRDR Y, *
FfFRIARFENIINED, Foé b mides, FISCE0 0.01° FUHIR:
FAEEPSHIRERE . [FN, REUAEERL THIFERIRAS, AENSSCN
HE AT D SR AR TP I AR AR (L AR R (AR AR L 14
TF, TR, HEE T2ELeRITEE, MR
UoBUE ik e oGl

IRTT 2D P2 130mm FORIAREEAL, RIFER Y
40N.M. HayHFEEHh 600R/Min, JECEHE FRECERE S 80,
AR DR RS 0.8, WIATEHIEE A : T=40X80X0.8=
2560N.M HFERHH A : 600/80=7.5R/MIN, R]DIARREH:
JRTE 0-7.5R/Min N#57) .

P, WEEH RS T LBEERE . E. %
BRG] 1t BE B A e P T B (5 Jds S PID IR sl
AIECHL 10 C HORSHEIR R

PID (ELfI - By - sy ) #=ILE B s filiisun 2 L
WEE T —, CHE A TREEG . H s soht
BilmEE (EERESIINEENEE) , mHEAEHIE
CERJE MRS ) T / B A, i Aok BIRh A P

B RRAN

u(t) = K, - e(t) + K; [ e(t)dt + K,

u(t): sk (Anhiah® )

e(t): IEEE (TE - EPrE)

Kp: HEBIZREL, P n w2

Ki: FUYRE, HSSIRE

Kd: o5, s, Refaets

IR IR R R () WM VB S TREERA (40
IHRATHENE) |, B FEdEERER . (2) Rk RERREX
RIRGRFEAR R (iR RS R IIR) o 3) Btk X
REMR (n&lE T RS vEE, T,

PID i@ B A GE RO G M2 % (1) AN &% A PT1000
IREEERGS, ATRNSPNERE, mHiaES. (2) {5
TR WK, IRERESES, FoAtshIRsnniRaBIrEL
FE 420mA HFRES. (3) HI88: A& A PLC fif
KiREEsHRE, NE PID 8k, HERETEEEE. (4)
AMLFE (HMI) « iR EARE, SRR L,

127



MEEIHETE-$02% - 5018 -2025F01 A

PID 24, (5) HATHIM: IiFak& e Amminiike.
PANA s KL

2000/12/31 16:59:39

T s A A

ZHRE
bl TAEKJ3: 000, 00T [l Wik v
AR TAFESE: 00, 000r/min | {51 Foe 000. 00mm
IR TAET%:|00. 000KW {58 1L ) 0000
I H bRIRE 0000.0°C

LR B R 00. 000KW B[] Ji iU E: 00, 000r/min

= | AR AE: 0000.0°C | JEHL FIEFBIRS: 000, 00m
I JEMUR G (000.00m | JEALFIEARIEIE A 000, 00T
SR 7 000. 00mz

&’ 17

<< }00 © 000000000000000000 +  >> }>

B, MEEHRE

TERAE DI RR, BB T 2 IERMER, 55,
B JUAIERBIFISA AR, MR el MR R
BRI, Hok, RS SRR, BRRAEIRAE 350°C
77 5GPatiBil T, AaMBARLETE ., HithE. &A,
TPk T et iistlEd:, ST iR S HA AT RS
Tt A, IXEEROR QIR BT TR AR AR ERE, A
JEERRIP RN T 5056 845E T IR SRR 1,

o

E=. SREEHEEES

IeEEEHFEEEMEIMI PR

NFAEE A I EEREIHR R B T R FE
AR T TUML AL SRR T30 . SR T R EFE AR
AR (0°C -300°C) . J£ ) (1-5GPa) AHHIL M (90° -
3600° ) MUZE, DI IS A tEmastE ) TIERE
AMEHEETEATA

TIRE R T, ZL &R A LBLA I SR &
U, R EEATE IR SR T,
KU EHE i v R A i R B H R PO RO 45 A 15
WHE, Flhn, 7F 200°CHI 3GPa 4&ih T, £int 2700 Hik%

128

RGPS E] T B SRR AR bR, X5
HI A MR B SRR o

B, XEaTEM Rl

BB HTRR T el e R AR R B
SN, SERUINTITEML, S Sl AR I e sk
TESRRE . WIVEAE SF ARG DT I A B BT X PpiRE
FEEAN TR T RRRARRONLER, ArEanss .
GORAR NG 2 . XSS BN AT A S RER R
T EEES, WK T sl EHRERORE I T
ER#E.

4 5iE

AT RO T — Mg B iR e e A A 2, 1%
R T SRR SRR R AR AN
MEARH RS, MRS BHEN S A T~ A o
Feo W — RTINS RIBORGEN,, R, M
R IR 7T ISR B T EPRAE AT, SRga g R R
B, R A R B E i s FH T AR RO ROR
CERIEASRE, ATFRETA SR R T R

e e IR R AR TEM R R AT LA T ) 9 I FH i
o AR, ZEF AT E S MM BRI GAE THY
ATEAT R, BREFIMEINI T T2, HOMRORA
SRR EESCEG SR . [, A ORI A —
R FRAMAEREIR IR~ T 230 BEEMIRIERA, &
IR R A BEMZATR . GRS Sih flSs
RAEERIER, BRI TEORRGIHTA R
B3k
(1] FRERAEZEE, TR S A B RR A AV Znfk R 1L

W& 4ACFIFEEE[J]. Transactions of Nonferrous Metals Society of

China, 2023, 33(12):3612-3624.

[2] Dong Y, Wu S, He Z ,et al.Nano-scale Reinforcements and
Properties of Al-Si-Cu Alloy Processed by High-Pressure
Torsion[J].Journal of Wuhan University of Technology-Mater. Sci.
Ed. 2024, 39(5):1253-1259.

[B] ERPREL O HRR, S s R T 2 & 1 W-25Re & & (1
O ZH 2R AT 5 (S 32)[J]. Transactions of Nonferrous Metals
Society of China, 2017, v.27(12):100-107.



