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Friction Characteristics of Sheets for The Surface Finish and The Stoning'
Directions of The Dies
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Abstract

This papers investigates the combined effects of parameters such as die surface finish, die directionality of
stoning, contact pressure and draw speed on the resulting friction factor. Also, this study show the correlation
between the NN(Neural Network) and DOE(Design of Experiments) to reduce the number of experiments
without the loss of the effects of parameter upon friction factor. The experiments were run in random order
with at least three replicates. It was found that the directional stoning orthoganal to the pulling direction is
lower friction than directional stoning parallel to the pulling direction using FCD55 die and SPCEN
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Table 3 Roughness of die in straight pulling friction test

Table 1 Mechanical property of specimen

Specimen T Ra YS TS El
pe (mm) | (um) | (MPa) | (MPa) | (%)
SPCEN 0. 7mm 0.92 181.34 | 310.96 41.7

Table 2 The experiment condition of friction test

Die (FCD55) M S1 S2
Holding pressure (kgf/cm?) 10 20 30
Pulling velocity (mm/sec) 1 15 30
Specimen size 50mm x 400mm
Die contact area 57mm x 50mm
Lubricant No
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Estimation direction of

No. Surface preparation die roughness Ra(um) Rz(um) | Ry(um) | Rq(um)
' Machining M * Pulling di-rectiovn 1.55 9.37 6.75 224
Vertical direction 1.84 11.13 9.25 224
) st Pulling direction 0.64 3.41 2.84 0.87
Horizontal Vertical direction 0.79 6.43 3.98 1.62
3 Stoning . Pulling direction 0.10 0.93 045 0.13
Vertical direction 0.11 1.23 0.79 0.68
4 s1 Pulling direction 0.81 6.56 4.39 1.61
Orthogonal Vertical direction 0.62 444 2.95 0.92
s Stoning 2 Pulling direction 0.12 1.20 0.80 0.66
: Vertical direction 0.09 0.82 047 0.12
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Table 4 The levels of design and noise factor in friction
tests

Levels
Design Par
0 1 2
A: Die (FCD5S5) surface finish M S1 S2
B: Pressure (kgf/cm?) 10 20 30
C: Speed (mmys) 1 15 30
Noise Factor 0 1
Roughness variation +0.1 0.1
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Table 5 The OA table [1] - the results of friction test in the directional stoning parallel to the pulling direction

INNER ARRAY OUTER ARRAY
Column number and Control Parameters Noise Factors
. . : Contact Roughness Variation of Dies
Trial no. Die roughness Pulling Velocity Pressure 0 1 N
1 2 3 4 Friction factor (u)(SF]

i 0 0 0 0 0.284[0.976] | 0.281[0.972] 10.979

2 0 1 1 1 0.208{0.970] | 0.194[0.969) 13.930

3 0 2 2 2 0.186{0.976] | 0.167[0.984] 15.025

4 1 0 1 2 0.153{0.998] | 0.150[0.990] 16.391

5 1 1 2 0 0.135[0.988] | 0.130[0.997] 17.554

6 1 2 0 - 1 0.165(0.994] | 0.161[0.952] 15.755

7 2 0 2 1 0.144[0.980] | 0.140[1.001} 16.953

] 2 1 0 2 0.187{1.020] | 0.170[0.996] 14.957

9 2 2 1 0 0.145[1.011] | 0.143{0.999] 16.832

Table 6 ANOVA [1] table of in the directional stoning parallel to the pulling direction
P: Average S/N value in level Sum of Number of Mean s’ F satio
[Column number in OA} 0 1 2 Square Freedom Square [%)
Die roughness [1] 39.9628 | 49.7010 | 487433 19.205 2 9.602 18.113 i75'292]'
Pulling velocity [2] 443242 | 464423 | 47.6406 1.880 2 0.94
Contact pressure [3] 416925 | 47.1546 | 49.5600 10.836 2 5418 - 9744 4959(1231]
Error [4] 453662 | 466397 | 46.4013 0.306 2 0.153

Ep (pulling velocity) 2.186 4 0.546 4370 [13.5]
Total 32227 10 [100}

512 7{39He0| AX elEusol X0 2

AudEo] e Y9 73] 2RAE
ek A% A$ HAMFAFL FPstn 7
Aol A mp@Ase} 2394 g0 Z2e
AAE et 7 WEzgo] e wlE@AALE
S/N |2 W¥&35le] Table 7 o] JERNQI ) Table 8
o 371380l £ANESWo £ AL
g E2MEA HolEg A5t FYst3d
F3 AAJNZ W] £HY Aot FUF An
T 92 F Jded AEEE AN nfFAF)
TAE dFL F3) AdE AN AT 5 9
At

el 2AAEYIA 9, £ AL
AEW Wsg wdsle 239 A4 (scoring
facton)= BE A@Z UM 0.9 < SF< 12 (SF=1)
olBg HFWo] ¥yl F No scoring UL T
%3kl (Table 5, 7).
52 olaEAifo) oz

BAAAEE Pt (1yhggadel 239
4 3 A9 putege) 2xigeEy
ol +AA A4 vlFEA njA= o] 73
FH, AEEY, AE4£E9 P Folngir}
AFAYY F sl 97A wie At oA
&t wuldxol me) 2z} 9 weo] Agdn Ze
< AT 2 U4 yiEog HyolaAy uo)

1

HE #usch 2 Hoxe ARARL o]lgald
Auujdxo] tol5A, FEHY, JEEEE A
Al d™delgz sn wMad op@ASF 3
SN ¥ £¥udoje=z slo n] Fahd WLz
of digh SN H|(AHEATIE ASe] B B 4
Tl X Table 5,7 ol A 7FEw o] Q&Htatn &
H, £3A F A% dstd 2z 3% AL
FRste] 7p3ieo] wi tho] X, FEUL,
AEEE9 AFE Golrgic olfe] AR
2 AEH T Ao g Ee YA

WA, tho] 7FgWeo] 44 A&WPo] $3<
9o sk, Table 59l Yehd e 2 W 5
&9 @S AAHEY dYdolgz su ¥Mag v}
A5, SNHIE 2 oE 2 g&sgd

Fig.5 o) tho] 7}3utgko] A Ao] A&wlge) &
B AE, AAG oz &g vpEAFd] vAE
ol EAEHZE)Y AW R(10,20,30kgfcm?)
Y AEE£5E(1,1530mm/s)@ Ao dlstd Jeh)
Ak A47IH AEEEE BAEMY Az o 9
Fo] ThE AA o vls) vhg FAgut) a2y NF
3o Ggoz A2L£n JPx BN} 98
o 7z} &5y 9oA FEALT tho] X7} npE
EAd v dFL AWpgrr. BAEMZAD
o nlzAR £EE 3 $£F, & 30mms D). T}
FAFE AR oA = Wl Q&L %I}
2 Ao nl@dAdss 34 ey

- 818 -




Table7 The OA table [2] - the results of friction test in the directional stoning orthogonal to the pulling direction

INNER ARRAY OUTER ARRAY
Column number and Control Parameters Noise Factors
. : . Contact Roughness Variation of Dies
Trial o Die roughness Pulling Velocity Pressure - 0 I 1 N
1 2 3 4 Friction factor () [SF]
1 Q Q 0 0 0.280{1.000} 0.2509.918} 11.521
2 0 1 1 1 0.202[9.884] 0.190[9.838] 14.151
3 0 2 2 2 0.174[9.999] 0.201[9.868] 14.517
4 1 0 1 2 0.159[9.957] 0.155[9.886] 16.081
5 1 1 2 0 0.133[9.890] 0.127[9.865] 17.718
6 1 2 0 1 0.160[9.770] 0.165[9.776] 15.781
7 2 0 2 1 0.141[9.982] | 0.139[1.002] 17077
8 2 1 0 2 0.199[1.005] 0.168}1.013] 14.696
9 2 2 1 0 0.142[1.001] 0.140{1.001] 17.046
Table 8 ANOVA [2] table of in the directional stoning orthogonal to the pulling direction
P; Average S/N value in level Sum of Number of Mean s’ F ratio
[Column number in OA} o 1 s Square Freedom Square [%]
. 2080 T
Die roughness {1} 40.189 49.582 48.820 18.143 2 9.071 17.271 [58.7]
Pulling velocity [2] 44679 46.566 47345 1253 0.626
Contactpressure {3] | 41999 | 47278 | 49313 9.500 2 4.750 8.628 o
Error [4] 46.286 47.009 45295 0.494 2 0.247
Ep (pulling velocity) 1.747 4 0436 3491 [11.9]
Total 29.390 10 29.390 [100]
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Table 9 Verification of NN results in friction test
: v P Noise ANN

Ra FCDS5S mise) | (kefem?) “T 1 results
P:0.08 & £
V':O-.l 3 Hotizontal 30 25 0.146 o.14§ 0.141
P:0.08 . 30 30
vi0.13 Horizonta) 0136 0.135 0.137
1\),%% Vertical-1 30 25 0.134 0.139 0.135
I\,/:;(())',({(’) vertial 1 .30 30 | ooms | om | 0131
s%ig Vertical-2 30 30 0.124 0.126 0.130

*P: Pulling direction, V: Vertical direction
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