Journal of Modeling in Engineering 23 (2025) 109-121

Semnan University

Journal of Modeling in Engineering

Journal homepage: https://modelling.semnan.ac.ir/

ISSN: 2783-2538

Research Article

Modeling of the Hot Isostatic Press Furnace System and
Simultaneous Control of Temperature and Pressure for Use in the
Production of Metal and Ceramic Parts with Improved

Mechanical Properties

Moslem Heidari *® , Hadi Ardiny ™, Seyed Salamn Seyed Afghahi?

“ Advanced Materials and Nanotechnology Research Center, Imam Hossein University, Tehran, Iran
b Radiation Applications Research School, Nuclear Science and Technology Research Institut, Tehran, Iran

PAPER INFO

ABSTRACT

Paper history:

Received: 2023-07-13
Revised: 2024-08-01
Accepted: 2025-01-01

Keywords:

HIP;

MATLAB;

Modeling;

Simultaneous tracking of
the temperature and
pressure;

PID.

One of the most advanced technologies for making metal alloys, engineering
ceramics, and advanced composites is hot isostatic press furnace (HIP)
technology, and sensitive parts in space, marine, and medical fields such as steel
and prosthetics are made using this technology. In this research, very high
temperatures and simultaneously high pressure are created and maintained in
the hip with argon or nitrogen-neutral gas. The accuracy of tracking temperature
and pressure will significantly impact the quality of the material to be sintered,
and the main factor is the quality of the final product. For this purpose, first of
all, it is necessary to obtain a suitable model of HIP subsystems and their
aggregation, which subsystems are modeled and implemented in MATALB-
Simulink software. In the second step, temperature and pressure are controlled
with limitations and parameters considered in the production processes of metal
or ceramic parts. The simulation results showed that the designed control
system can accurately track the defined temperature and pressure profiles. By
using this system, it is possible to effectively maintain the temperature and
pressure in the range of 2000 degrees Celsius and 2000 bar for about an hour,
and as a result, parts with desirable mechanical properties can be produced.
Also, the designed control system has shown reliability against changes in
process parameters and environmental noises.
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VEF lials A o525 0 )l pgen 5 Canmsr Jlo

st ¢ 00,l ¢ o

Y LSLQ")DS ..\.Jy 4 e Lbuﬁjw.u 9 L&'bu.u)b aslol
Oleyer Jlosl sln (o35) qup S S5 elide o
w‘ 0l .A.Jﬁ.a ul.v_bs é.ul&o uo‘3.‘> \bw QT ;9..\.:@ 9
v g b bos 0,65 5o lakd con ailjd o [¥oY]
O g Seb (oS 5 eSSy jlad S e )8 Led
onlogi ooyl JE> iolsl g laad J3ls gloe o>
e 25 o155 b a5 oo L8 380 45 4 an 3
Sblpe 4 azgs b IF] 092 Jol> (Sen JS8 000 &
S o lgie o (3 axngi (g psld cal gl
& Nwly (28I g 558 srio sbajls &8y o
cabloy; cor Olles 2! oz wil gz,
Ooly adei bl sy 4 Gles oo a5 Conl Lo el
S @lralr sl Ssaee ableyn; (Sl
Sloul 518 dilelu 33 )15 0olo iildS b oyils 1 5 oSl
dH 4 58 a5l 55 Jlasl akad L g Jlasl YU jLes

o] JsxSelr sl Gless abluy; o)
= ailol o) 5055 Wy g b wg alex 5| Dl
O J5s a5 Jasl 51 L3 0,58 lgo acdss sl 5L
o ailobs 5l laiges [0] sges o )lal mo )| > g9, 4

el ol (V) IS 40 EPSI &S o sl

[#] EPSI =5, sl 0,88 -V S

Sl oy 4 ooysS (b o 2l Glacd iy
sty BB sk 4 (s J5S g @ il
Jo ol b lesls Lol 1) con Slles 45,2 obo;
5 Shbes Coww Llph o jlad g L s YL <o
5looolatwl &g walize sloiolesl YL ause
3l ST Gty 5 G ) G280 (s3loaend sl
@ ,Lad g Lo gz e slo e vced w8 (iluand o
e b oaisS U89 Wgd oo 00l J S 5l wly
b aSoe Oty 5 g Loyl il ol Sles

D28 Gadal x> 0 G peno (ol L) (ABly Gla 9,5

® Thyristor
& Model Predictive Control

i ) S5k Joo alee



w5 68 Oladad gy ;o coliinl Cya Lad g Leo lojen J S ¢ Elo Sisbiwls ! oy 0,65 ailolu (g3l Jow Y

Joe I dise Jo cds ol el 4 ol
“;H.u}u Yol 9 ol oolazul ‘5:3‘5 )lf éml.ubyo).v
Sl o o lojen 900 (553l 5 (SohS] pyiinge
IVAl

Mg S5 Glaptars b cor glajae plodl
S Bl ) ke g 558 (S sl
slrosls I aules oo Jow 5 s gbboaisS JpaS
el g e Cumsy pes lp S, wwl
o DAl as sslaral elal cpl 5 J0S oo ss
ey e S 65yl Ko wimmen VY] alis
61).1 J..J—‘JB JJA QT B aS ! 00 .)LQ.\.M....: G 6‘).'
Glasg,g Giloding 5 piams oanl b8, ot
ale wols 5 e SEST ol eolatll S
MlgE o0 b (oan (omas slaaSh g pdle 650k
solaul Su b anld slasols 5l o Jow drwg slp
Lf] wess

ep alie slooysS 039> 0 48T &g Db s
s a4y glows jelaie 4 1) alise sl by, lidone
Ol QB g S92t 4 4z g5 L ilod S JLss gllas
$lp Sldes cpl 3l aal> (gilwans mls e:S b allas
BLIE) Sl OM)J uL?- L cud bl 6&05.4)] r:l?u‘
Sldes Sl v 4y Bglase Slados gla oD aiisds
J"\" 4)54.: u‘}J aQ [Y‘] | 009.3 u?u Q)ﬁ.a ools »
SRS e il At Gl SedsSs
oole olgs yuxi )] yo 4 cowl a8, IS 4 PreCAD
oo Sig, pleal 4y loas]id addle 5l slo Jlu o
e JrS Gl Glagplil booazm @iledoe
S 52 (sl o8 sl L (5 5lid mlans b oy T3 S 5
slopi 631 5l eolaal b sl 5 loy g azen o
lopiits » Lo K 3,955 5145 0ailS (m o J 1S
JraS Geiod ol Ban aisS oo ool R JERPRWL
3,50 dlge yolem 4 olicws gl jLad 4 Lo wlendass
gy laalelu ) 59, 2 42 )LSe sile Joo el Sl
L Sl 5 53 Slabsd st GlSel 5o (8 g
et 5 o sl 3o S8 G L YL ol

19 Integral of Time Absolute Error
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