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WEOBRBDOERICIE, NBAICIDILDERERRAICEDHDENEEL TS, KETIL, AIE
HEGREOHREAHESIEHRE. BEORRERERMTEZ S LS. BEAIRM. ERER. 18
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R
0. Fim& 5L IE (General information for gear trouble shooting) = = = =« = = =« 5

0.1 #HELRB LM TTEDEKRNEERE (Basic atitude of mechanical engineer)

02 BBV ZEEST-ODEKRIAZE (Principle to make strong steel)

03 EHEBERAREDEY KLY (Way to treat fatigue failure and its initiating point)

04 MELSVIZXNVYITS U DHEETFE (Process of gear blank piece production)

05 HMEABREDORKEZEIL (Deterioration of material allowance due to operation)

06 MEEBOMERELHERDMERE (Material strength for metallurgists and for gear
engineers)

07 HWEAFMABEIEEXIZDLVT (On methods for prediction of load capacity of gears)



0.8

0.9

0.10
0.11
0.12
0.13
0.14
0.15
0.16

E R

fOa4 FFSELEmEIEEEZDEEE (Trochoidal interference and scope of the
predicton methods of tooth flank duarability)

HHEIEIZE T ALY (Contact stress induced at edges of surface)

EFEOFEE (Generation of wear debris)

EY O AH EEMEM S (Crash of foreign objects and surface roughness of tooth flank)
AR SN AEEHFEIDIE J11KTE (Stressed volume of tooth flank material)

FKEM S LEHLBIEE S [ZDULVT (On surface roughness and EHL film thickness)
EIE(Photograph)IZ D LY T (On photograph of failed tooth)

X$RFR B IG FBIEIZDULVT (On residual stress measured by X-ray diffruction)

HWEEESE NS ITIL a—TF 42 FIZDULVT (On the trouble shooting of gear failure)

1. REtaE&ELDEBGERE. EELRIRME (Causes of failure in design and in production)

1.1

MItEy T4 YT R (nsufficient machine, tool and workpiece setting and adjusting)

111 HfEREANDIBAEMDEEZE (Notch due to grinding disk edge contact)
112 HWEEERY OFE (Uneven amount of tooth tip chamfering)
113 HWEORLD. S>F 9 k. B J L(Eccentricity and run—out, tooth side flattering)

1.2

L (FERmEm DI A B(Malfinishing of tooth flank)

121 HwIPYYH. & L. HvA2—<T—2% (Hobbing mark, Cold-adhesive scratch, Cutter mark)
122 R0 2—HEHMIE. Ay 2 —<—%(NC mark Mill-cutter mark)

1.2.3 HiEIB . RE#E =(Grinding mark, Surface roughness)

124 Y3y bE—ZUJICEHEEDTN. HEEDFE < 11(Rough surface and tooth tip

deformation due to shot peening)

1.25 4HIEIBE+ (Hard cut burn)

126 BFHIBEIT (Grinding burn)

1.2.7 H®EIZEIMN (Grinding cracks)

128 WHIEEALZE (Shortage of gear accuracy)

1.3

HEtie R, BiERFDORIE(Design or manufacturing failure)

131 EWX7« Ly MBDORIFFREIZKDEFEEDTH () (Collision of tooth tip
against mating tooth fillet)

132 MOTIZ&B/\Y (Machining burr)

1.3.3 HWHEIEAMA (Tooth tip edge and chamfering)

1.34 WAlHAEEEY (Tooth side edge and chamfering)

1.3.5 fuhMEETOHIDEEREE DA B(mproper center distance by very small module gears)
136 WiTH. LHEDWY . EHDEZE (Tooth hammering & judder, gravity influence)
1.3.7 REEOEIEIE (Thermal expansion in operation)

1.4

EALIER K fa(Defects by heat treatment)

1.4.1 HEE|M(Hardening cracks, Quenching cracks)



142 TRBIS 71 EE (Abnormal residual stress)
143 fAERBE;Z % (Overcarbulizing of tooth edge)
144 #ESEPDMERIE (Grain growth)
145 ZBRREERE. FMFEREE (Improper carburized layer and Granular imperfection)
146 ZAJIEZFE (Distortion due to heat treatment)
147 Zbie&¥E D F B (Peeling off of Nitrided epsilon layer)
148 EZE|N (Delayed fracture)
1.5 #ME XA (Material defect)
1.5.1 {®#7 (Segregation)
152 4989599, "4 FOFHE (Microcrack and void)
1.5.3 #EBEDAI— (Uneven texture of material)
1.5.4 A, N1EYWEZ (mpurity, inclusion)
1.6 @KICHEFRDRIFE (Stressed curriculum)
1.7 3 TE. N\ FY) 29 - 8ENDS (Nick, Handling and transportation problem)

IEEE 3 (Normal wear, Running—in wear)
21 BENDOEFR (Moderate wear)
22 Ry (Polishing)
23 BEDODEWMMNHIAH (Light crush of foreign objects). X% 5 v F > % (Scratching)
24 BEEONOOA FF5, EOAIIHEAMEFE (Tooth edge contact and edge wear)
241 kO34 FF#H(Trochoidal interference)
242 HEOAIFEAR(Contact of tooth side edge)

. BEDIkIE (Indication of failure)
3.1 HmEEE & RIT (Tooth flank failure and chipping)
311 WHEYF Y (nitial pitting)
312 A4 28EYF I DYHIIREE (Initial micropitting)
313 JMIIMITA - 0OE Yy F %Y (Independent micro—pits)
31.4 tEAIEREMEE v ;b (Pitting due to tooth side edge—contact)
315 wElF<Y A2 aF v E>2S (Microchipping at tooth side edge)
31.6 ®EAIIFEARDXRIT (Chipping at tooth side and at tooth tip edge)
3.1.7 ®3T5H (Tooth hammering)
32 [EH - BWIE MBS (Wear and thermal failure)
321 RO 5 vF >4 (Scratching). BEDEMD I HAH (Light crush of foreign objects)
322 kOaA FFHIZEKDHEITEFE (Trochoidal interference wear)
323 ®EI Y NDiEE(Failure of tip edge failure)
324 HEMETHEFE (Non-backlash interference wear)
3.25 HEIIHIEAEIDEIEEFE (Adhesive wear due to tooth side edge—contact)



3.2.6
3.2.7
3.2.8
3.29
3.2.10

Ar—1) 2% (Scaling)

BElF (Burning)

EMEDOEREIET (Decrease of surface hardness)
EEIf (Thermal cracks, Heat cracks)

E&8 2! (Thermal cracks)

3.3 EEBRAAREEIES &M DLIE (Other tooth flank failure and deterioration)

3.3.1
3.3.2
3.3.3
3.34
3.3.5

{£2£ & B (Chemical corrosion)
JLwyF>rFaa—2 3 (Fretting corrosion)
TR (Electric erosion)

F¥EF—3>ITA— 32 (Cavitation erosion)

AT O— 3> (Hydraulic erosion)

34 &% (Fissures and micro cracks)

3.41
3.4.2
343
3.4.4
3.4.5
3.4.6
3.4.7
3438

WITIEFHBH (Fatigue cracks at tooth fillet)

EwFaftimEFHESR (Fatigue cracks in pitch line zone)
EvFriiRmkFHaH (Fatigue cracks from pitting)
AR—1 TR mEFH &R (Fatigue cracks from spalling)
TJLyFUTEAEZ (Fatigue cracks from fretting)
MEXRMEERIEFTER (Fatigue cracks from material defects)

HAIIREER Y RIRFE R (Fatigue crack inside tooth side chamfer)
EYMOIAIAHIZ K HEEEZ (Collision crack due to crush of foreign object)

EE¥E (Wear)

41 T T L TERE (Abrasive wear)

42 EEEEEFRE (Adhesive wear)

43 PEEiR (Wear out)

44 B85EHIEEFE (High surface temperature thin oil film wear)
45 IIZUEEFE (Rag wear)

46 TFiHEFE (Interferential wear)

AAYIT 429, RaA—1) 2% (Scuffing. Scoring)
51 EBRAXA YT 1> (Hot scuffing)
52 {EBRAH Y T4 2% (Cold scuffing)

6.1

. IKAZER, (Permanent deformations)
[£JE (Indentation)

6.2 PEBEZEH, (Plastic deformation)

6.2.1
6.2.2

O—Y) 2 JIZ &K BBHEZER (Plastic deformation by rolling)
EDEIN (Plastic leaning deformation of tooth)



6.2.3 BEMEOELE (Flank destruction)
6.3 v 7124 (Rippling)
6.4 ')wT >4 (Ridging)
6.5 /\!) (Burrs)
6.6 Amt (Fusion, Melting)
6.7 ZFELY EI(F (Tooth on tooth jamming)

. RMIEF (Surface and subsurface fatigue) & B H{&1E (Crack propagation)
71 EvF oY (Pitting)
711 ETHEE v F > (Progressive pitting)
712 O—SHBREICEDHE Y F U DEHE (Observation of pitting on disk machine)
72 ~OaA FFSEIERT & ZDhiE(5 (Failure due to trochoidal interference)
721 X IEXHEDONAHE LMEHERDIES(Failure at the beginning part of tooth flank contact on
strong helical gears)
722 WY IV HRRBETOERE. K2tz Y ETDES(Failure at middle of tooth width
and tooth side end)
723 & T HiER(Interference of tooth tip edge)
7.3 AR EALE & (Failure of tooth side edge)
74 A4 0EYF>2Y (Micropitting)
75 2 L—x% 2% (Flaking, Flake pitting)
76 RR—1) %Y (Spalling)
17 7—RX9 5w (Case crushing)
7.8 MEOEMEILRRIBE L KFRRE (Hydrogen attack)
79 MEXRMRIESXIBEE (Spalling due to material defects)

. Y748 (Tooth breakage)
8.1 1BEATTIE (Overload breakage)
8.1.1 HatkriE (Brittle fracture)
8.1.2 FEMEEEIE (Ductile fracture)
8.1.3 HHatEmEtE (Semi-brittle fracture)
8.2 HAMEFHTIE (Tooth shear)
8.3 ZTEMRENEET (Breakage after plastic deformation, Smeared fracture)
8.4 JEFHri8 (Fatigue breakage)
841 ®ITLHITIRFT (Bending fatigue)
842 FRHEIEFHIMITIE (Breakage from surface fatigue)
843 ME XA SITIE (Breakage from material defects)
844 twHIE - ') LI (Rim breakage, Breakage from the center of tooth bottom space)
845 F v T4 THIE (Cap—off failure)



846 FyEUIEAITIE (Breakage from chipping)
847 WNEPRE RIEFIE1S (TIFF: Tooth interior fatigue failure)
8.4.8 HIRENHTIE (Tooth side end breakage)
849 1EHZEHE (Shock breakage)
8.4.10 BMIBARRIZHEE T 51748 (Breakage due to heat treatment failure)
8411 D ENIEIE (Breakage due to residual damage)
85 TMMDERHRIE (Partial breakage of tooth)

9. EYMDO I HiIAHIEE (FOD: Foreign object damage)
91 HEADIHIAH (Intrusion and crush of foreign objects)
911 HAHEULEIBEED I FHIAH(ntrusion at beginning of tooth meshing)
912 HIHEWNEDLYBOIHRAH EEETF v E > 4 (Intrusion at ending of tooth meshing)
9.2 EPH|FDHAOBER D DEE(Influence of Sulpher and Phosphor)
921 FY¥A A IILDFEAInfluence for Gear oil)
9.22 ATFDiZE (Influence for ATF)
93 TJL—F2Y. =RV Zva, AR—Y U THEERIEE(Lamellar separation of tooth
flank)
94 HIEER & HWEDR D MHIAH(Crush of Foreign object between tooth crest and tooth bottom)
95 MUNED 1—ILEEDOEDEH(Wear—out of teeth of micromodule gears)

10. WEAKIK - BHDIEE (Failure of gear body and shaft)
101 YLz TDEH (Rim and web cracks)
10.2 EADITIE (Shaft breakage)
11. %5l
1.1 BAIFHIZ &K 5 FSE]
11.2 AFEIC L 5 %5

12. S&XHk
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ABSTRACT

It is known that the tool life for hot steel rolling extends ten times as long as that of conventional tool
when the surface is reinforced by NbC powder using a Plasma-Transferred-Arc (PTA) welding
technique!!. The reinforced tool is also applicable to stainless steel or Titanium ™ but the mechanism
operating on the surface for elongating the tool life has not been clarified yet. The authors have
made clear the influences of size and fraction of NbC particle in the parent powder mix for PTA on
the wear resistant characteristics of the reinforced tool. In the course of the past investigation it has
been estimated that NbC grains on the tool surface may reveal lubricity when the tool is used at high
temperature. In the present work attention is focused on the characterization of the surface of NbC
grain on tools surface when it is exposed to high temperature. NbC changes to Nb,Os at high
temperature and Nb,Os shows high lubricity. On the second stage of investigation attention is
focused on the estimation of friction coefficient of Nb,Os at high temperature. Elastic-plastic FEA is
carried out on hot sheet rolling using Nb,Os as lubricant. When no lubricant is applied on both
surfaces of sheet the geometry of rolled sheet is flat, but when a Iubricant is applied on one side of
the sheet the rolled sheet curls exposing the lubricated side toward the outside depending upon the
intensity of the coefficient of friction. The result of laboratory experiment showed that the value of
friction coefficient of Nb,Os is almost the same as that of graphite. The experimental result is
compared to the result of FEA in order to estimate the value of the coefficient of friction. The
estimated value is 0.15 when the coefficient of friction of ordinary hot rolling is 0.3.
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Summary. Elastic-plastic FEA was carried out on a tension test of a sheet specimen in order
to investigate the non-uniformity of stress and strain distributions. Attention was focused on
the propagation mechanism of these non-uniform distributions that directly affects the
precision of measured stress and strain and also on the transition of rupture point on the
specimen according to the progress of the test. Analytical result showed that the length of
parallel portion is the only factor that influences the uniformity of stress and strain among
geometrical parameters. Compared to the ordinary specimen geometry specified by Japanese
Industrial Standards (JIS) specimen with shorter parallel portion showed stability in
suppressing the non-uniform distributions of stress and strain. A series of experiments was
followed to check the validity of this result and also to propose a new geometry of specimen.
The experimental result showed that the new specimen with a half parallel length well
suppresses the occurrence of rupture in the vicinity of gauge point and ensures the centre
rupture.

1 INTRODUCTION

Tension test is a most commonly used mechanical testing of materials and the geometry of
specimen has been specified by industrial standard by each country such as JIS or by
international standard such as ISO. The specimens were designed so as to ensure the
uniformity of measured stress and strain in tension test. However, it was presented that there
is a case when non-uniform distribution arises """ *!. Precise investigation on the propagation
mechanism of these non-uniformities showed that a peak of stress appear in the vicinity of
shoulder portion at the beginning of testing and the peak moves near to the gauge [E)oint in
accordance with the progress of testing and finally to the specimen centre in the end ], This
result suggested that the peak shift might be one of the major causes of instability of rupture
point in tension test. FEA was carried out to propose a new specimen geometry that well
suppresses the instability of rupture point in tension test followed by a validation test.
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2 ANALYSIS

The specimen adopted for the present purpose was JIS-5 of which geometry is given in Fig.
1. It was a sheet specimen and the thickness was Imm. The symmetry of specimen was
taken into consideration and only a quarter of the specimen was subjected to FEA. Because it
was a sheet specimen plane-stress analysis was applied. The element adopted was a 4-noded
2D linear quadrilateral element. The code used for FEA was ELFEN developed at University
of Swansea. It was assumed that the material was a carbon steel. The values of Young’s
modulus and Poisson’s ratio were 200GPa and 0.15 respectively. In the plastic region the
material was assumed to follow the n-power work-hardening rule shown by equation (1) and
in Fig. 2. The value of n was 0.15.

P
[} b?{ E —

o | & JEEE
Yy t=} J x
’ 60 .

. 150 R
( Unit : mm )
Fig. 1 Geometry of JIS-5 sheet specimen.
o=F¢" (1)
900
«
-
g
2 450
£
o
£ o

=

0.1 0.2
True strain

Fig. 1 True stress-true strain curve adopted in FEA.

Examples of stress and strain distributions are given in Fig. 3. On the elastic stage the
distributions of stress and strain are mostly uniform in the parallel portion where stress and
strain are measured. It is important to note that peaks of stress and strain appear in the
vicinity of shoulder portion because of the stress concentration due to the specimen geometry.
The distribution patterns of stress and strain change and non-uniformity patterns appear in the
parallel portion. It is of important to note that peaks of stress and strain shift near to gauge
point.
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450 3.36
420 3.08
391 2.80
362 2.52
333 224
304 1.96
275  Axial stress 1.68  Axial strain
%‘l‘g on elastic stage (£.=0.1%) {ﬁllg on elastic stage (£.=0.1%)
187 0.84
158 0.56
129 0.28
100 0.00
( MPa) ( X103)
Axial stress Axial strain
on plastic stage (£.=0.3%) on plastic stage (£.=0.3%)

Fig. 2 Examples of stress and strain distributions on elastic and plastic stages.

The mechanism through which these non-uniform distributions on plastic stage arise is
illustrated in Fig.4. Let us virtually divide the specimen into 3 portions P, S and G assigning
virtual boundary lines as it is illustrated in Fig. 4(a). The parallel portion P tends to deform
uniformly as shown in Fig. 4(b), whereas the deformation of shoulder portion S is not uniform
in the axial direction because it has a constraint on the line facing the gripping portion G that
does not deform throughout the test. However, the deformation should be continuous on the
virtual boundaries because the specimen is a continuous body. As a result, the deformation of
parallel portion becomes non-uniform as it is illustrated in Fig. 4(c).

Virtual boundary Virtual boundary
Y - Y’ e
P S |a
S G S E
(a) Virtual division X (b) Virtual deformation X

Virtual boundary

Y .
211 _ P : Parallel portion

s LI dpplied displacemen .

Hi m— ‘ S : Shoulder portion

Zone of weak deformation
(c) Real deformation

G : Gripping zone

2!
155 000332
. 0.00225
3 000171
. 00143
Y 00116
“ 0.00089
. 0.00062
2. 0.00034
-B.3 7.5E-3
-19.1 -0.0001
-30.0 -0.0004

Shear stress Shear strain

Fig. 3 Illustrated mechanism of occurrence of non-uniform deformation.

An illustrated mechanism of the peak shifts of stress and strain is given in Fig. 5. Shear
strain appears on the shoulder portion due to the stress concentration and the hatched portion
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in Fig. 5(a) tends to deform in the negative direction in Y-axis because of the landslide
sinking by the shear deformation as it is illustrated in Fig. 5(b). However, the specimen is one
continuous body and compensation of deformation occurs between the portion that is near to
the X-axis and the portion near to the edge as it is shown in Fig. 5(c). For this purpose axial
tensile stress must be added around the gauge point in the vicinity of X-axis, and compressive
stress must be added on the portion near to the edge. As a result the peak shifts from the
shoulder portion to the portion near to the gauge point.

Uniform
_ defor- Shear
mation deformation

W/

o
o 4

(a) Concentration of shear stress (b) Localization of deformation

A

X

(¢) Compensation of non-uniform deformation

Fig. 4 Illustrated mechanism of peak shift of stress and strain.

Following the mechanism illustrated in Fig.4 and 5, the peaks of stress and strain shift from
the shoulder portion R to the portion near to the gauge point M, and eventually shift to the
centre C according to the increase in tensile strain. I[llustration is given in Fig. 6. If the length
L’ becomes 0 centre rupture may be ensured.

Yi\
R
7
[ S—\

X

Fig. 5 Positions of occurrence of peak stress in tension test specimen.

This result suggests that peaks at R, M and C portions may induce the rupture at these three
portions on each stage of tension test. In order to investigate the validity of this hypothesis
evaluation was given of the yield criteria by Tresca given by equation (2) and by von Mises
given by equation (3) at these three points.
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01 — 0y
or=—"% (2)

1
OyM = E{(GXX - ny)z + (oyy = Gzz)z + (077 — Oxx)? + 6(0%y + 0%, + G%X)} )

The parameter changed was the length L of the parallel portion. The major concern was the
influence of L on the peak shift from M to C. In addition to the peak shift attention was
focused on the uniformity of axial stress distribution on the cross section at centre that must
be ensured. For this purpose an index /" was introduced of which definition is the average
axial stress on the centre cross section divided by the axial stress at the centre. The
distribution of axial stress on the centre cross section is smooth, and when this value is 1.0 it
means that the stress distribution is almost uniform. When the deviation from 1.0 is large it
means that the uniformity of stress is not maintained or the stress state is tri-axial on the
centre crsoss section. The influences of L on L’ and /" are shown in Fig. 7. There is a slight
difference between the results drawn by using von Mises’ criterion and Tresca’s criterion, but
the results are mostly the same. As soon as L becomes a half length of the standard specimen,
1.e. L=15mm, the peak at M disappears. This result suggests that the possibility of rupture in
the vicinity of gauge point may be suppressed by shortening the parallel portion to a half of
that of the standard specimen. It may be allowed to shorten the parallel length even to one-
third of the standard specimen. There is little influence of L on /" on both cases and it may be
concluded that the uniformity of axial stress on the centre cross section is maintained, i.e. the
precision of measured stress is maintained. It may be concluded from this result that adoption
of short specimen can contribute to the stabilization of the tension test.

20 1.1
~a= L' by Tresca
—+L' by von Mises
15 === by Tresca 1.05
=&-[ by von Mises
£
E 1 =
-
5 0.95
0 a 1 A 0.9
5 10 15 20 25 30
L/mm

Fig. 6 Influences of length of parallel portion on peak shift and uniformity of stress on centre cross
section (g,=1%).

_19_



R. Morimoto and M. Akiyama.

3 VALIDATION

Tension test was carried out to validate the result of FEA. Two types of specimens shown
in Fig. 8 were prepared. The specimen with parallel portion of 24mm was a proportional
contraction of JIS-5 specimen, and the other specimen had a one-third parallel length of the
former. The material was a carbon steel with 0.45% carbon content.

. 100 » ) 100 .

X 2 I & il
-

<] S |

*H ! = H = |

= \5 Unit - =S .
o Unit: mn t o‘?f Unit: mm

Fig. 7 Geometry of specimens used for validation test.

In order to control the ductility, or brittleness, specimens were subjected to thermal
treatment of water-quenching from the temperature of 1000C followed by tempering at
various temperatures ranging from 200C to 680C. Comparison is given in Fig. 9 of the
hardness of final specimens. The hardness is uniform over the parallel portion and in the
vicinity of shoulder portion. It is assumed that the mechanical property of each specimen is
uniform over the portion of the present concern.

portion

|
|
|
1200 T
|
|
|
I

1000

o0
=
=

600

Hv (25gf)

400

200

-50 -30 -10 10 30 50

Psition in axial direction X mm
Fig. 8 Results of Vickers hardness test of specimens after thermal treatment.

The result of tension test at cross head speed of Imm/min is shown in Fig. 10 for specimens with standard
geometry and Fig. 11 for short specimens. It is clearly shown that there is no occurrence of the rupture at M
portion for short specimens whereas the frequency of occurrence of the rupture at M portion is not negligibly
small. This result suggests that adoption of short specimen stabilizes the testing. It is necessary to repeat the
testing again when rupture occurred at portion other than centre of specimen. It is highly expected that short
specimen helps reduction in redundant testing.
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90 W Quenching
80 m200°C
70 m300°C
g 60 |400°C
g5 B500°C
E 06RO
g 40 680°C
=
30
20
10
0 1 L
Rupture at C Rupture at M Rupture at R

Fig. 9 Frequency of occurrence of rupture on standard specimens.

100 -
90 H Quenching

20 m200C
m300C
®m400C
Bs500C

O680C

70
60

50

Frequency (%)

40
30

20
0

Rupture at C Rupture at M Rupture at R

Fig. 10 Frequency of occurrence of rupture on short specimens.

4 DISCUSSION

Additional FEA was carried out to evaluate the influences of material properties on the
above mentioned result. The parameters changed in the analysis were n for work-hardening
ratio n and the initial yield stress o, as shown in Fig. 12. The geometry was also changed.
The result is shown in Fig. 13. No strong influence of the material properties is observed on
the conclusions obtained for the initial material.

3000
22500
& @ n=0.15, 6,=400MPa
€ 2000 @ n=0.30, 0,~400MPa
£ 1500 @ n=0.15, 5,=800MPa
% 1000 @ n=0.30, c,=800MPa
]
=
= 500

0

0 0.05 0.1 0.15 0.2
True strain

Fig. 11  Stress-strain curves for additional FEA.
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25 1.3 25 1.3
Tresca \ ’
_ 20N~ von Mises Lyatz 2 ! 12
E 15 & 1.1 E 15 4 N 1.1
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= 10 1 | 10 4 [\['V 0 1
ron Mises 1
5 Trese 0.9 5 ¢ I “Tresca | g
von Mises
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0 10 20 30 0 10 20
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Fig.13 (a) Influence of L on material @ Fig.13 (b) Influence of R on material @

25 1.3

Tresca
20 1.2
E 15 11
~
= 10 b 1
3 von Mises 0.9
0 0.8
0 10 20
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Fig.13 (c) Influence of L on material &) Fig.13 (d) Influence of R on material &}
25 1.3 25 13
20 1 von Mises L 12 20 1.2
E 15 \ 1 Els 1.1
= ‘\:I-._ - - & ~ £ 10 1 ~
= 10 =g ;1 -
5 / 0.9 5 | von Mises v 1 0.9
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0 = 0.8 0 0.8
0 10 20 30 0 10 20
L (mm) L (mm)
Fig.13 (e) Influence of L on material @ Fig.13 (f) Influence of R on material @

Fig. 13 Influences of material properties on shortening effect of specimen.

S CONCLUSIONS

Elastic-plastic FEA was carried out to evaluate the precision and stability of stress and strain
to be measured by tension test of a sheet specimen. Attention was focused on the peak shifts
of stress and strain according to the progress of the test. Evaluation of the geometrical
parameters of specimen on the peak shifts suggested that shortening of the parallel length of
specimen suppresses the rupture without the range of centre portion. A series of tension test
followed to verify the validity of the numerical analysis. Proposed short specimen can cut the
number of redundant test
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