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Microstructure and Tensile Properties of Vacuum Sintered/HIP'ed Pure Titanium
Takashi OKI, Kazuhiro MATSUGI**

Tomei HATAYAMA**, Osamu YANAGISAWA**

The relationship between the microstructures and tensile properties was investigated for
vacuum sintered and vacuum sintered+HIP'ed titanium.

For the pure titanium sintered in vacuum at the temperatures below and above the critical
temperature, 1400K, their microstructures consisted of equiaxed and irregularly shaped grains,
respectively. The tensile ductility, measured as the reduction of area and as the elongation,
increased with increasing sintering temperature in the temperature range below this critical
temperature. However, the ductility decreased significantly until reaching a constant level with
increasing sintering temperature above this temperature.

HIP of vacuum sintered titanium was carried out at the temperatures above 1400K to get the
fully densified materials. The equiaxed grain was obtained,when HIP was carried out below the
a <> 3 transformation temperature. The irregularly shaped grain was observed in titanium HIP'ed
above the transformation temperature. Futhermore, the substructures which aligned in one direction
was observed in the large equiaxed grain in the HIP'ed materials at a higher temperature of 1373K.
Higher proof stress, higher ultimate tensile stress and better tensile ductility were obtained with an
equiaxed grain structure compared with the other type of microstructures.Particularly,a large
reduction of area was observed in the specimens HIP'ed below the transformation temperature. It is
concluded that the HIP process at low temperatures is effective for improvement of strength and
ductility of vacuum sintered titanium.

Keywords : powder metallurgy, pure titanium,cold isostatic pressing,vacuum sintering, hot

isostatic pressing, sintered structure, Kossel micro-diffraction, tensile properties
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Fig.1 Shape of as-received titanium powder.
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Fig.5 The typical optical micrographs of titanium compacts (a) vacuum sintered at 1173K, (b) vacuum sintered
at 1373K, (c) vacuum sintered at 1673K, (d) vacuum sintered at 1423K+HIP'ed at 1103K, (e) vacuum
sintered at 1573K+HIP'ed at 1223K and (f) vacuum sintered at 1573K+HIP'ed at 1373K.

B SRR (Type 1. Figs (d) IXEDL LD, &
B Ll B oD 1223K @ HIP WL Tl A5 A IR AR
(Type 2. Fig.5 (e)). & 5IIHEIRD 1373K O HIP AL
B & o TEFIY THE & A 72 S SR
(Type 3. Fig.5 () #Bihb,

3. 2w tJE
BEREHLAR o7 1< 8% & 15 Type 20 FRAIRAL
& Type 3D THBARERZHN LD L D LY

RO TCWADPEAMCIT ST &id, BRNEE L
HGOMBRE R T L ETERICEETH S, F2
T, FEATIRER & 7RO &AL B
B DENLEFR—TH BN E) PR,

Type 2 D#ME (1573K —E 2R » 6B S Ik
Tyl -85 — Y EFig6 IRy (22T, B
MR LB LTy L - 85— OEEIC
FLBFRINIET 2). FRABRE RTHEED
I35, BEWIZEERZL, 2TELAZIY £ -



NRE—VIEFRLTHAHI EMD, Thb DR HA
AR—THDEIEDbNb, ThHEEDI, 4, 5
BIUODRBDO/NNY — VITHEIE L, 2L IZER DL,
FNENHNELTHBEZ ENL, M—DOHENTH
LRI B ENTE S, [ERRIC Type 2 DK T
B B HZEARHIEE A W HIP LB (1573K —
B ZeERE . 1223K,196MPa — HIPLE) 25850
2av kN -y — Y EFigTICR T, ZOBFEI

b, THARRASIEOMKSER (1, 2. 3) OF
S ARHBI KA (4. 5. 6) OFMLEIERERS
2, F—fHRHFLERL TN,

DEDOERLD ., WTNOEGOBEREMIZBNT
b, AHATERARISHEK 2SR (D, S
FkL EIRR) OFIC I L IFBIMEICRAER - R L
TR INIHETHE EERXLNS,

Fig. 8 127K 3 Type 3DMMTICBWTIE, 1, 28X
O3V E UAEREANEZRL, ThE &4, 5IEENRE
NERoHERANERL TS, 2O EMD,
P21 E20BDITRT TBRE S NI &
RTidR<, 125, 28 AOB OB 2B SR
RThbLREND,

4. HBOKE X

Fig. 9 (BB L 2FEE O HIP WE M 12D\
T, MBOKRESERIHEL LT, THNFHE
(HBFOHLEEORIORS T, Thztlb
FARMCE o 72ME) 2R$, RIBOEZEREFETHA
% Type 1 DHBOFHRRHIBILN S, HROE
22BN B Type 2 DMIMEIZ B ClE . FEGHO
HAAEANEZ D, FHRFHERIZN 140 umTH %,
Type 2 D RO B imE Z2HEREF 12 1223K O HIP L
Briid &, FAHEABRERIZ O HMIcR D,
1103K DR HIP LB |2 & % Sl Rkl o EIgR1E
1£180~200 umTH ), WL HPHMAILL T b,

T Z DEF 748k HIP LEEH D Type2 O 2ot s SR
PICLBIEENLZ LD 5L,

Fig.6 The optical micrograph of type2 microstructure and
the Kossel microdiffraction patterns obtained from
several grains,1,2,3,4,5,6,in pure titanium vacuum-
sintered at 1573K.

Fig.7 The optical micrograph of type2 microstructure and
the Kossel microdiffraction patterns obtained from
several grains,1,2,3,4,5,6,in pure titanium vacuum-

~ sintered at 1573K+HIP'ed at 1223K.



Fig.8 The optical micrograph of type3 microstructure and
the Kossel microdiffraction patterns obtained from
several grains,1,2,3,4,5,in pure titanium vacuum-sintered
at 1573K+HIP'ed at 1373K.
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Fig.13 SEM fractgraphs of tensile test specimens, (a) vacuum sintered at 1273K, (b) vacuum sintered at
1573K, (c) vacuum sintered at 1673K+HIP'ed at 1103K, (d) vacuum sintered at 1573K+HIP'ed at 1223K.
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B9. MHEBBEERBL BEDEME

4. BEXHEOW D HIE

) OFFHEEL, BAEOT] oK) EAE, i
TERLQALNVERTH S,

St. Venant DA U 0 Bigid, WEH M, wHE»5
WIET, SABE VoL ) RIIDVEMT, 130

DRIPTHRINI, TEMIC T EECER
T& D, LI2HW, REEEMM L LTHWORT
Wb H0IE, REQLENE CERFIEM (thin-
walled member of open cross section) 7% < %2> T &
7o IKTETEH (wide flange shape) . F ¥ ¥ F IV,



Ty IVHERTRTCIOHBICET 5,

DX REHFDORAL W ERIZB LTI, BEO
WAA (warping) wllLAFMALYZbIEL
T, BITRAL D ZHE (warping torsional rigidity) 72
LZEREZEEICVRZITNE, EBOEREGbR2L
Bk, ZLT, TOL) HEITIE, —MRICHITE
FrRUDEESERLABMTRALVERERD,
Z DI —BR E MR B

—%. HEOHEYTIX, 1Y) OiFidhoizy %
BEDERLTVWEZ D%, BROWH AL
HHEEME SN,

Z D kD %MEICH LT, Model Solution T,
MEOWHAB LT EOHEDOIRE L ZET 574
D,

warping restraint factor (wrf) © f
ZEAL, KRICLVBEORLYEREERRL
DVEBEHHETSIEICL), EBOQALYEHED
KESHRET S Z ENTEETH 5,

Ke’ = f-Ke+ (1—-f) -K
K : hUYEH

Ke | R UHEHK
TR ERERITIIVOFE LT, Fyv >
FVETENE Y [3CEK2] £HUY B3,
Bl11—1IZR$F ¥ Y RVETE T, ys+F0TH
5, yHiE D ) OITIRE)IZA U Y IRE) £ #E K
ER-

(1) BhEyHEE

IREVBEITICBIT AHHOWHEAB LT ZOHED
MEEARLLD, wif 20055 1.0F TELs¥T
BENT 2 1T o 720 BAREMIITMEE & L7

AREZEFNVEH 1 312577,

BTGRP S wif OfEE K& T 5 &, fITIRED
ERUDIRBIHPERKT 5 x —yHA DR € — F
(FFOOH) OEAERBHEE 2o T Lt
R T& 5,

FEBROIZ D TiX, WiREZEIX) OBE. HEHOW
AHAOHHIL, EERTIIKRE (. FREILTIIPE
(e bo

wif % —5E (0.5) & L73B&E. 13) O#WHSIE

R4 BUUE—ALIOEERBIRUICEBIEH A DEEDOHRT

AR "N LA TR
10"mN/rad mN X 10! mN mN X10I'mN mN X10I mN
Full 1.57X10-7 4.26 7.07 4.26 1.57X 107 1.56

Release
n=7 3.24X 104 4.26 7.07 4.26 3.24X 104 1.56
8 3.23X10-3 426 7.07 4.26 3.23X 103 1.56
9 3.21X10-2 4.25 7.04 4.25 3.21X102 1.57
10 2.97X10-! 4.15 6.78 4.15 2.97X10-! 1.67
11 1.69X 10-1 3.62 5.38 3.62 1.69 X 10-1 2.20
12 3.19X10-! 3.04 3.89 3.04 3.19X 10! 2.77
13 3.50X 10-1 2.92 3.58 2.92 3.50X10-! 2.89
14 3.53X10-1 291 3.54 291 3.53X10! 291
15 3.53X10-! 291 3.54 291 3.53X10-! 291
No
Release 3.53X10-! 291 3.54 2.91 3.53X 10! 2.91
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Surrent

'4—- se.o ———»' 1 Section type | : Charmel

z s [ Y Dimensions
N ] ] Depth : 100.0
,r Flange vidth : S0.0
e Flange thickness : $.0
Veb thicikness : S.0
rillet radius s 0.0
Corner radius : 0.0
Irmer flangs slope s 0.0
Y . Properties
Area : 950.0
I Prin. moment of inertia Y : 225005.S5
i z 1ee.2 Prin. mement of inertia Z : 1432916.6
Shear ratio Y : 2.215313
- le 1.0 Shear xatio 2 s 2.88
Torsianal comstant s 7869.79
Varping constant : 3.5263452.08
Varping restraint factor : 0.5
Zccentricity ¥ : 0.0
Eccentricity 2 s 29.6546
Plastic modulus Y :+ 11368.75
Plastic modulus 2 s 33875.0
s Plastic modulus torsion : 166528.3
3 1w l. y 0ffset rotation angle : 0.0
Rt s -19.85928
Perinater :  389.5708
X centroid location + 14.3421
Y centroid locatiom : 50.0
X shear center location : -15.3125
Y shear center location : 50.0
B11—1. F+v > xJEE
B11—2. Fv > 2JLHEE )
%5 BHRETOBEN. witBEERBHBOME
wif 00 | o1 | 02 | 03 | o4 | 05 | 06 | 07 | o8 | 09 | 10
?j}f;?; 1 |045.008|(056.121|(065.086| 69.458] 69.458| 69.458| 69.458| 69.458| 69.458| 69.458] 69.458
2 | 69.458| 69.458| 69.458|(072.694/(079.330{(085.220 ((090.505[(095.286((099.636 (0 103.61|(0107.25
3 1096.073](0120.13|O139.72[0156.54/O171.39|0O184.75( 190.92( 190.92| 190.92| 190.92 190.92
4 [O152.11|Q188.06] 190.92| 190.92] 190.92| 190.92|0196.92(0208.08|(0218.41((225.06|(0227.38
5 | 19092 190.92{0206.37\(0211.21{0213.89(0216.18 |(0218.38((0220.57{(0222.78 [(0228.02|(0236.99
[Hz]
IZwif%1.0,07,02,07,1.0) L3560 L (2) Sy
BE., R6IIRT, BIRRIC, SREERATICBU HIIE QWA AB L UZ
Y OERSENL, FEPELGRRICES L), DWEDFNR%E A 5720, FLL wif 20055 1.0

S5HEE L7z, T TR SIS TR T 1T 272



EREMIIRRLIED &L, BHERKIC, BMTERDPOwf DEEZ RE(T R L, ThEh

@RLDE—2 Y FMxEHNT2BE ‘ DEMANEL o T I EPTD D,

@y RN EFy & #7235 6 EBROIY Tk, FRLIX Y OHE. HEOWDS
D2ODIBEIZDONTIHENEIT 2720 AOHFIL, EERTIERE (. BHEBHTII/HESL
ZNENDHED, BREZEF V11 -3 b,

R ' | wiE S —5E (0.5) DBELELSE (1.0, 0.5,

BIFZEE L RV EEIERT L0, QTiEA 02,0.0) BAEDHEEE12ITTRT,

U D ZESLROTx DI y B A DM Uy 12, £7-0 COFRFEPOEEMTH, BHRUTEL ZDT

TId Uy DRHIZROTX I D BRAAEL 5, Wb ZEDPHERTE b,
ODFEOFENFEREES, 9BLUR 12, 1312

Yo
QDOBEOBITHEREEI0. 11 BLURI14, 15

2R,

%6 wrid—%F (0.5) Dig&E. Tt
(1.0,0.7, 0.2,0.7, 1.0) L =12 D L&

wif —EDFHE  |ELSEiBE
wE 1 69.391 69.391
FH 2 097.829 0O117.93
3 189.73 189.73
4 0210.49 0213.81
5 0221.02 (0236.53

s
3

j\\

a. RUWE—A2 MMxEH T LBEDBREFTT IV

b. yEIBEICHEFy £ - BEDEREREFI
E11—3. F+ > xIEEIEY)



R7 FEERMEMXDIBED. wiiEEHIROTx DEIER

wrf 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
I%gq:e 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5
2 0.80267| 0.50837] 0.37198| 0.29329] 0.24208| 0.20610| 0.17943{ 0.15887| 0.14254| 0.12925| 0.11823
3 1.6053 | 1.0617 | 0.74396| 0.58659| 0.48417} 0.41220| 0.35886| 0.31774| 0.28507| 0.25850| 0.23646
4 2.4080 | 1.5251 1.1159 | 0.87988F 0.72625( 0.61830( 0.53828| 0.47661| 0.42761| 0.38775| 0.35468
5 32107 | 22178 | 1.7252 | 1.4237 | 1.2173 | 1.0659 | 0.94947| 0.85688} 0.78129| 0.71832| 0.66497
‘ [X10-5 rad]
w8 FERMEMxDIFED., witZEfir Uy DRk
wrf 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
%O(li:e 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0
=2
2 2.3803 | 1.5075 | 1.1031 | 0.86975] 0.71789] 0.61118| 0.53209( 0.47112{ 0.42269| 0.38328] 0.3560
3 47606 | 3.0151 | 2.2062 | 1.7395 | 1.4358 | 1.2224 | 1.0642 | 0.94224] 0.84537| 0.76657] 0.70120
4 7.1408 | 4.5226 | 3.3093 | 2.6092 | 2.1537 | 1.8335 1.5963 | 1.4134 | 1.2681 1.1499 | 1.0518
5 9.5211 { 6.5769 | 5.1161 | 4.2218 | 3.6097 | 3.1608 | 2.8156 | 2.5410 | 2.3169 | 2.1301 | 1.9720
X104 mm]l
19 L
WRF
a
E 8.5
8.2
—+——  —ta.1
t E
', 2 3 4 ]
12. FEELEMxDIBE O wrf &ZE ROTx DEFR
18 |-
WRE
)
S r 8.5
8.2
a.1
1

13. WERMGFMx DIZE D wrf & ZEAL Uy DEF



%9 WEEAFyDBAD., witZf Uy DBIE

wrf 0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
NO(llf 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
i 2 1.4977 | 1.2389 | 1.1190 | 1.0498 | 1.0047 | 0.97309 | 0.94963! 0.93155{ 0.91719| 0.90551| 0.89581

3 | 42671 | 37494 | 3.5096 |- 3.3712 | 3.2811 | 3.2178 | 3.1709 | 3.1347 | 3.1060 | 3.0827 { 3.0633
4 | 7.8842 | 7.1077 | 6.7479 | 6.5403 | 6.4052 | 6.3103 | 6.2399 | 6.1857 | 6.1426 | 6.1076 | 6.0785
5 11925 | 11.052 } 10.619 | 10.354 | 10.172 | 10.039 | 9.9367 ; 9.8552 | 9.7888 | 9.7334 | 9.6865
[X 102 mm]

F10 FIEERHFyDHFED. wii EZER ROTx DEHER

er 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
NO(E: 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
w5 2 | 23803 | 1.5075 | 1.1031 | 0.86975] 0.71789] 0.61118 | 0.53209( 0.47112( 0.42269] 0.38328 | 0.35060

3 | 47606 | 3.0151 | 2.2062 | 1.7395 | 1.4358 | 1.2224 | 1.0642 | 0.94224( 0.84537| 0.76657| 0.70120
4 | 7.1408 | 4.5226 | 3.3093 | 2.6092 | 2.1537 | 1.8335 | 1.5963 | 1.4134 | 1.2681 | 1.1499 | 1.0518
5 | 9.5211 | 6.5769 | 5.1161 | 42218 | 3.6097 | 3.1608 | 2.8156 | 2.5410 | 2.3169 | 2.1301 | 1.9720
[X10-2 rad]
Node No.
1 2 ] S
s L
HRF
1
T o2
g.n
14, WERHFy DFE D wrf EZAL Uy DRIFR
WRF

15. WERMFy DHEDwrf & ZHROTx DBIE




#11

wrih*—3E (0.5) DB EE. F{LZ 7 (1.0, 0.5, 0.2, 0.0) HEDEEH

HELAE Mx [10Nmm] Fy [10N]
= fr Uy ROTx Uy ROTx
[X-10-4mm} [X-10-3 rad] [X-10-2 mm]} [X-10-4rad]
wrf —EO | FbEe | —ED | BkEek | —Eo | Bser| —Eo | Blesei-
Be BE Be me e Be Be Be
Node 1 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FE 5 | 061118 | 035060 | 020610 | 0.11823 | 097309 | 089581 | 061118 | 035060
3 | 1.2224 0.82172 | 0.41220 | 0.27710 | 3.2178 3.0990 1.2224 0.82172
4 | 1.8335 1.4329 0.61830 | 0.48320 | 6.3103 6.1915 1.8335 1.4329
s | 3.1608 2.4817 1.0659 0.83688 | 10.039 9.8377 3.1608 2.4817
5. f& E o720
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Research on Character Recoghition Using Neural Networks (2nd Report)

Norio UESUGI

Kiyoshi OZAKI

Hideki TANAKA
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Influences of Sitting Posture on Vibration Characteristics
of the Human Body
(Experimental Investigation)

Shuji NISHIYAMA, Fumio TAKEDA and Tooru TAKESHIMA

We present the influences of sitting posture on vibration characteristics of the human body in a
moving vehicle. The vibration characteristics of a seated human have been measured with both
sinusoidal and random vibration in the vertical and fore & aft directions at frequencies up to 20 Hz.
Measurement points on the body are the head, chest, hip, thigh, and shin. Six subjects were studied
used to elucidate the factors (angle of seat cushion and of seat back) that may aflfect human dynamic
behavior. It was found that the sitting posture exerts a serious influence upon human dynamic
behavior. Some results are presented in the form of parametric plots and tables.

Key Words: Human Dynamics, Ride Comfort, Sitting Posture, Experimental Investigation
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Table 1 Characteristics of the six subjects

Subjects Sex Age i Height {cm)i Weight (ke)
1 Male 30 171.0 62.0
2 Female i 23 161.0 50. 0
3 Hale 60 165.0 54.0
4 Hale 60 163. 6 62.0
5 Hale 12 1515 46.0
6 Female 9 134.0 29.0
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Fig.1 Apparatus and data flow
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Table 2 Peak value and resonant frequency

(a) Subject 1 and?2

(c) Subject 5 and 6

b 1 2

Bk
Bod\ Cu 100 des. 110 des. 120 des. 100 deg. 110 deg. 120 des.

ab 5 B}
Bk
Body\ Cu 100 deg. HO deg. 120 deg. 100 deg. 110 deg. 120 des.

20 deg.| 3.2003.40) [ 2.81(3.75) [ 2.92(3.75) | 3. 06{3.85) | 2.93{4. 05} | 2. 66(4. 00
Head |10 2.80(3.70) | 2.72(3.60) | 2.43(3.65) | 3.20(3.95) [ 3.01{3.85) | 3.01(4.05)
§ 2,46(3.65) | 2.4103.70) | 2.3243.90) | 3. 17(3.85) | 2.88(3.95) | 2.48{3.95)

20 deg.] 2.55(3.85) | 2.56(3.65) [ 2.40(3. 95} | 1. 42{4.00) ] 1. 23(4.35) | 1. 08(4.55)
Head |10 2.79(3.90) [ 2.5943.65) | 2.30(4.00) | 1. 33(4.00) [ 1.3114.05) | £.31(4.10)
5 2.66(3.80) | 2.45(4.05) | 2.4943.90) | 2. 2644.00) [ 2.59{4.05) | L. 11{4.25)

20 deg.| 0.99(3.90) § 1. 66(3.65) [ 2.53¢3. 80) { 1. 24(3.85) [ 1.89(3.90} | 1. 93(4.00)
Chest | 10 1 3. 75) | £.5303.65) | 1.98(3.75) | 1.02{4.10) | 1. 53{4.00} | 1.77(4.05)
5 1.2203.65) | 1.77(3.70) | 2. 27(3. 90} | 0.97(3. 90} | 1. 60(3. 95} | 1. 95{3.95)

20 deg.§ 1.06(4.65) § 1.4704.00) | 2.03{3.95) | L. 11(4.05) | 1. 37(4.35) | 1. 38{4. 50}
Chest { 10 1.514.05) | 1.62(3.80} | 2.16{3.95) | 0. 96¢4.75) | 1. 32(4. 00} | 1.73{4.30}
5 L2 1513304150 | 1.7243. 900 ] 1. 3444.50) | 4. 96(4.25) | 1. 24{4.35)

20 deg. 2. 14{3.40) 12.05(3.60) | 2.12{3.80) { 2.10{3.70) § 2.17(3.85) | 2.33(4.05}
Rip [10 2.21(3.40) §2.38(3.55) | 2. 18{3.75) | 2.22{3.85}  2.15(3.85} | 2. 58 (4. 05}
H 2.52(3.60) | 2.53(3.65) | 2.6513.75) | 2.42(3.90} | 2.57{3.90) | 2. 36 (4. 00}

20 deg.{ 1.70(3.85) | 1. 65(3.65) | 1.71(3.70) | 1. 63(3.95) | 1.84{4.30) | 1.91(4.50)
Hip {10 1.9243.65) [ 1.73(3.55) { 1.96(3.80) | 1.76(4.00) | 1.70{3.95) | 1.91{4.05)
§ 1.99(4.00) | 1.96(4.00) | 1.85(3.90) | 2.03(4. 20) | 1.80(4.00) | £.86(4.35)

20 deg.| 2.83{5.50) § 3. 58(5.40) | 3.25(5.80) | 2.54(4.75) | 2.76(5.35) | 2.42(5. 65)
Thigh | 10 2.91(5.90) | 2.81(5.75) | 2.92(5. 65} | 2.48(5.70) | 2.77{6.00) | 2.56{6. 05)
5 2.26(6.25) | 2. 671(5.65) [ 2.62(5.65) | 2. 13(5.50) | 2. 21 (5. 25} | 2. 01(5. 90)

20 deg.] 5. 0066.35) | 2. 4406 35) [ 2.52(6. 45} { 2. 08{5.50) | 2. 55{5. 60) | 2. 75{(5. 90}
Thigh {10 2.47(5.55) 1 2.70(5.15) | 2.30(6. 20} § 2.80(6.30) | 3. 16 (6. 25) | 3. 35(6. 00}
§ 2.9904.45) | 3.04(4.80) | 2.99(5.40} | 2.31(5.50) | 2.42(5.15) | 2.87(5. 60}

20 deg. 2.79(5.30) | 3.42{5.35) | 3.56{5.75) | 2.95(4.75) | 3.75(5.35) | 4.0945. 70}
Shin |10 2.92(5.90) | 2. 68{5.60) [ 2. 41(5.60) | 3. 12(5. 65) | 3. 58{6. 05) | 3.52(6. 20)
5 2.5816.25) | 2.50(5.60) | 2. 56(5.55) { 2. 45(5. 30} | 2. 2615.00) [ 2.65(5.95)

20 deg.] 3.98{6.35) | 3. 74(6.40) [ 3.95(6. 20) | 5. 16(5. 80} | 4. 7B(5.65) | 3. 19(6. 00}
Shie |10 2.94(5.40) [ 2.79(5.10) | 3.32(6. 20} | 3. 74{6. 25} | 3.7746.20) | 3.82(5. 80}
5 24304.40) [ 2.46(4.75) | 2.53(5.25) ] 4. 11(5. 50} | 3. 73{6. 10} | 3.55(6. 00)

(b) Subject 3 and 4

(d) Subject 1 and 2 (random)

Sub 3 ]

BodN Cu 100 des. 110 deg. 120 der. 100 deg. 110 deg. 120 des.

Seb 1 2

BodR\ Cu 100 deg. 110 deg. 120 deg. 100 des. 110 deg. 120 des.

20 deg.] 3.29(3.70) | 2.96(3.65) [ 2.33(4. 05) ] 3. 12(3. 80} 1 3.07(4.00) { 2. 90 (4. 10)
Nead 10 3.20(3.90) | 2.92(4.05) | 2. 65(4.20) | 3. 38(3.75) | 2. 72(4.00} ] 2. 6414. 00)
$ 3.30(3.65) | 3.26{3.75) [ 3.1943.90) 13.09(3.75) | 2.27(3.90} | 2. 31 (4. 00)

20 deg.| 3. 494. 05) [ 3.37(4.00) | 3.15(4.05) | 3.15(4. 25} | 2. 74 (4. 45) [ 2. 49(4. 48)
Head |10 2.40{4.00) | 2.28(4.05) [ 2.18(3.95) | 3.34{4.25) | 3. 28(4.30) | 2. 81 (4. 85)
§ 1.9604.20) | 2.034.25) | 2.08(4.35) | 2.7344.55) | 2. 78(4.45) | 1.05{5. 00}

20 deg.| 1.28(3.75) | 1.83(3.70) [ 1.59(4.15) | 1.10(3.80) | 1. 43(4. 05} | 2.06 (4. 00)
Chest | 10 1.47(3.90) | 1.92(4.05) | 2.16{4.25) | 0.99(3.80) [ 1.62(4. 00} [ 1.75(4. 00)
5 0.85(3.85) [ 1.25(3.90) | 1.46{3.90) | £.25(3.80) [ 1.43{4.00} | 1.61(4.05)

20 deg.| 1.4343.95) [ 1.75(4.05) | 2.18(4.35) | 1. 21{4.30) {1.80(4.65) | 2.00{4.80)
Chest 1 10 1.34(4.00) [ 1.86(4.25) ] 2.14(3.95) } 1.30(4. 20} §1.82(4.49) | 2.10(4.90)
§ 1.35(4.30) [ 1.650(4.25) { 2.49(4.50) } 1.23(4.50) [ 1.85(4.45) | 1.83(4.75)

20 deg.] 2.3203.75) | 2.04(3.60) } 1.83(3.95) | 2.38(3.85) | 2. 20(4. 05) | 2. 44{4.05)
Rip |10 2.31(3.85) | 2.29(3.95) [ 2.34(4.15) | 2.54(3.75) { 2.36 (4. 05) | 2. 44{4. 05)
§ 12(3:60) }2.25(3.75) 2.113(3. 750 | 2.48(3.75) | 2.52(3.95) | 2. 52(4. 05)

20 deg.{ 2.34(3.95) | 2.32(4.00) | 2.29(4.05) | 2.1044.30) | 2.07{4.50) | 2.39(4.90)
Hip |10 2.30(3.90) | 2.3343.05) | 2.5043.95) | 3.3744.20) | 2.33(4.30) | 2.52{4.65)
§ 2.36(4. 200 | 2.4814.25) | 2.5044.50) | 2.50(4.45) [ 2.53(4.45) } 2.21(4.95)

20 deg.| 2.41(6.15) | 2.38(5.90) | 2. 6016.00) | 1. 91(5.40) | 2.17(5.40) | 2.38(5.55)
Thigh | 10 2.4716.60) | 2.75{6.40) [ 2. 471(6. 35) § 2. 34(6. 20} § 2. 51(6.45) | 2. 3816. 50)
§ 2.16{6.90) | 2.30(6.85) [ 2.39(6. 65) | 2.30(6.00} } 2. 28(6. 20} | 2. 1916. 50}

20 deg.} 3.92(8.05) §3.37(8.55) | 3.23(7.90) | 2.73(5.95) | 2.86(6. 65} | 2.19(7.85)
Thigk {18 3.20{8.10) | 3.12(8.20) | 3.02(7.85) | 2. 19(8. 40} [ 2. 35(8.85) | 2. 64(8. 30}
$ 2.70(9.05) [ 2.70(7.75) | 2.57(8. 10} | 1. 76(8.20) | 2. 11{8. 30} | 2. 21(8. 00}

20 deg.} 3.63(6.25) | 4. 0845.90) | 3.546.05) | 3.64(5. 40} | 4. 11(5.45) [ 4.50(5. 60}
Shia }10 3.62(6.65) | 3.62(6.45) | 3.05(6.80) | 3.77(6.20) | 3.56(6.50) | 2.99(6.90)
5 3.3046.90) [ 3. 4946. 85} | 3. 66{6. 70) | 3. 47(5. 85} | 3. 23(6.00) | 2. 83 (6. 55)

20 deg.] 3.85(8.00) {3.58(8.00} | 3.28(7.45) | 3.26{6.00) | 3. 30(6.85) | 3.56(8. 20)
Shin |10 3.09(8. 15) | 2.75(8.35) | 2.5147.20) | 3.70(8.45) | 3. 65(7.85) | 3. 6848.15)
$ 3.43(8.10) | 2.63{7.75) | 2.4717.75) { 3.00(7. 95) | 2.90(8.00) | 2.85(8. 00)

_%_
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