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Seizure Initiation Mechanism in Cold Metalworking Processes
(3rd Report, Effect of Oil Film Thickness on Seizure Initiation)

by Tamotsu NAKAMURA and Norio MATSUI

A critical condition for seizure initiation was examined using an extrusion-type friction testing
machine. Paraffinic mineral oils with three grades of viscosity were tested with various oil film
thicknesses, using a commercially pure aluminium as the workmetal. The seizure was always
initiated near the die exit. The lower the viscosity of oil used and the thinner the applied oil film was,
the earlier the critical punch stroke for seizure initiation was. The oil film thickness estimated
theoretically in the previous report could not reasonably determine a critical value for the seizure
initiation. Furthermore, the oil film thickness at the die exit was recalculated theoretically under the
boundary condition of the trapped oil film thickness measured experimentally. As a result, it has been
clarified that the critical oil film thickness for the seizure initiation was less than about 0.2 pm.
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Center Tool steel alloy |Rockwell hardness UTtrasonic | H K,_.:]i@ 3
flat die |SKD 11 quenched HoC 5 60 polishing - ) Dt
(Tool) land tempered Rmax = 0.3 um =
Commercially pure|Tensile strength: 82 MPa|Hot rolied ua Y \@'N"
Workmetal|aluminium A 1050 P|Stress-Strain relation |surface Q—I LL
fully annealed o = 124¢%2° ) Rmax = 2 pm =
Extrusion ratio 4 (3.7) Punch velocity 0.01 mm/s —i ._
Reduction of area | 75 (73) % JMaximum punch stroke 30 . mm ' l l I l
Taper die angle 14° Room temperature 1725 °C I I
Lubricational|Test surface | Paraffinic mineral oils in Table 2 l Bed
condition Other surface| MoTybdenum disulfide o 300 =
~ @ B Workmetal (Left, Right). @ ,@ Punch
= 2 A 857 4 v R @
® 2 HSEEE (857 1 R (Left, Right), @D, @ Ram Block (Left, Right)
Ve 2 VG 26 ve 1000 @ Center Flat Die (Measuring Device), @ ,@
Kinematic 20 °C [ 3.32 x10° | 70.9 x10% |5119 x10¢ Container (Left, Right), @) , €9 Container
visgosity 40 °C 2.20 27.3 1007 Holder (Left, Right), @ Fastening Bolt,
(m*/s] 100 °¢ 0.97 4.9 51.1 Base Plate, (9 Pull Rod for the Center Flat Die,
Viscosity index 105 102 97
Specific gravity 0.813 0.864 | 0.907 1 i LR s b 3 TR AL
Viscosity no[Pa-s] 2.70 x10716.05 x102 4.15
pressure B [Pa':] 1.03 x107[2.36 x107° [4.17 x10®
1ation* - -9 -3 -9
relation* ¢ [pPa-t] 2.27 x10™]1.88 x107° {1.44 x10 Applied oil film (thickness ha)
Sul fur wt % 0.00 0.15 0.95
Mean molecular weight 156 393 m Test surface
Ring analysis Ca % 16.8 5.6 7.7 ' f;L
n-d-M Cp % 32.9 26.8 26.7 |77
method % | 50.3 67.6 65.6 S$ oA i
Applied 0il|Method 1 = 15 =25 =200 8
film thick- 1[5, 10 5, 10 5, 10 : 30
ness  [um] m 1 0.1, 1 0.7,0.3,7 70
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