o5 # £ 2023 4 12 A

FORGING & STAMPING TECHNOLOGY Dec. 2023

5485 5 12
Vol. 48 No. 12

—x

A e e
—~+

EE5EiE |

e e e X

x’

H=ERBEEFRA

ARE, ®ANE, AEE
(P EHUBR R AL SOML ST A U A, It 100083)

E: Oy 7 A SRR P T I DR, BTN Y SRS I R RD-1 R GR-2, SR AT A TR A, SRADR
ZEEINE TR R, RABERAEIE Tl B, RANKEEIF A & R B T IR B SRR S5 0L, AR T
EZAMF ROV T B R, RSB NS TSR A& A R R e s NS, RD-1 BEETEM
FREAT S B T A R S AR ) R R R 5 PRI T R B R K R BT, IR 2 Rl 40~ 50 pm;; 7E 950~ 1000 C
AR TRLEE DX ), RD-1 B 18 70 A9 B 58 PR BSCREAEG, SR B AP O PR RE, IS5 T 1000 °C LA Y2 SRR G T2,
KR HAS IR PORIEM R BN W mR A

DOI: 10. 13330/j. issn. 1000-3940. 2023. 12. 031

FE 5 ES: TG316 XHRIRER: A XEHS . 1000-3940 (2023) 12-0217-07

Lubrication technology on vacuum isothermal forging

Zhou Yaoqing, He Xiaomao, Zhou Leyu
(Beijing Research Institute of Mechanical & Electrical Technology Co. , Lid. CAM, Beijing 100083, China)

Abstract: In order to solve the lubrication problems in vacuum isothermal forging, for two glass lubricants RD-1 and GR-2, the wetting
angle was measured by the seat drop method, the linear expansion coefficient was measured by the differential method, the high-tempera-
ture viscosity was measured by the rotation method, and the combination of coating and substrate was observed by the trial firing method
combined with scanning electron microscopy. Then, vacuum isothermal compression tests were conducted under different process condi-
tions to explore the relationship between friction factor and process parameters. The experimental results show that RD-1 glass lubricant
has better wettability property and lower high-temperature viscosity in the vacuum isothermal forging. The linear expansion coefficients of
the two glass lubricants are similar, and the thicknesses of the interface coating are both 40-50 wm. In the forging temperature range of
950-1000 °C, the friction factor of RD-1 glass lubricant is lower, which shows better lubrication performance and is more suitable for the
vacuum isothermal forging process below 1000 C.
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Table 1 Chemical compositions of two glass powders ( %, mass fraction)

ErRe Si0, B,0, Al O, Ca0 PhO BaO Na, O Fe,04 Cr, 04
RD-1 45~50 13~15 12~15 6~10 0~2 2~3 5~8 2~3 0
GR-2 50~55 10~12 10~12 5~9 4~6 2~3 4~5 0 4~5
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Fig. 1 Samples coated with two glass lubricants in vacuum

isothermal forging press cavity
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Fig. 2 Temperature rising curve during test process
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Fig. 3 Vacuum high-temperature wetting angles of RD-1 (a) and
GR-2 (b) glass powders
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Fig. 4 Linear expansion coefficients of two kinds of glass powders
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Fig. 5 Temperature-viscosity curves for two kinds of glass lubricants
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Fig. 6 Interface images and line scanning images of glass coating and substrate
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(a) Interface image of RD-1 glass coating and GH3536 substrate  (b) Interface image of GR-2 glass coating and GH3536 substrate

(c) Interface line scanning image of RD-1 glass coating and GH3536 substrate ~ (d) Interface line scanning image of GR-2 glass coating and GH3536 substrate
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%2 {EM RD-1 BIFEEEF N EEAENEERST (mm)
Table 2 Dimensions of cylinders using RD-1 glass lubricant

before and after deformation (mm)

R, RARHARS
< 5! H, H Ry Ry Ry
0. 001 50.00 22.20 25.00 39.20 37.88
950 0.01 50.00 20.52 25.00 37.94 36.16
0.1 50.00 20.52 25.00 37.20 35.52
0. 001 50.00 21.98 25.00 37.95 36.12
1000 0.01 50.00 19.30 25.00 40.15 37.70
0.1 50.00 18.40 25.00 39.81 36.67

%3 {£A GR-2 2IEEEBEFIN TR AIENERRY (mm)

K42, IR RS S R MOR TS Ry WK
MifE BRSO AR s Ry WIESR G 09 B R A%
AR} Ry R R, (2EM8; Hy BRI EE; H R
B P 445 05 T 2 B 5 A g B v 38 1) s o
L Bk A TR R 4 RS LA R S
HOY B A m R
_ Rxb/H
"4 B -wsB
PR 2 F12 3 ROIRER A R A (1) ~5U (5)
A DRI T2 400 F B R 5, W3k 4,

(5)

x4 ERATMHEEDBRNARIZ&GTHERRY
Table 4 Friction coefficients under different process

conditions using two Kinds of glass lubricants

Table 3 Dimensions of cylinders using GR-2 glass lubricant AR/ FEEREL m
. . o7 A5 2 /57!
before and after deformation (mm) C GR-2 BEEGVEIEF  RD-1 S
R, NAS A/ 0.001 0.20 0.16
e ! Ho H Ry Ry Ry 950 0.01 0.16 0. 14
0.001 50.00 22.20 25.00 37.67 35.03 0.1 0.15 0.13
0. 001 0.25 0.23
950 0.01 50.00 21.12 25.00 37.32 35.29
1000 0.01 0.24 0. 20
0.1 50.00 20.52 25.00 37.39 36.04
0.1 0.19 0.13
0. 001 50.00 18.40 25.00 39.81 36.67
,._‘_\| A )= N
1000 0.01 50.00 20.00 25.00 39.70 36.92 2.3 HEBEBITA
FEEZSIAEE T, PORP B 55 W 71 3 B A R AP0
0.1 50.00 20.00 25.00 38.50 36.07 e .
T 2R, RD-1 AV 3 50 1 5 B T HAE 950 ~
R, 1000 °C JuFE N EAHE Y EE, ML T GR-2 A
BRI ), A AR BRI N, WAk 4,
X F[R] — Fh 3% 55 4 ), EAHR IR ET,
. I DR SR LA & WG T T 75, A 8 T
| T M - N . . N
£ - | S 2 PR A 18 1) s 40 5 R S T B 0 R T A
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—A—RD-1, 1000 C

7 B A s 2

Fig. 7 Schematic diagrams of cylindrical compression test
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Fig. 8 Relationship curves between friction factor and strain rate

using two kinds of glass lubricants
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Fig. 9 Surface conditions of cylinder samples after compression under different process conditions at temperature of 950 °C
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Fig. 10  Relationships between friction factor and temperature

using two kinds of glass lubricants
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