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Two dimensional cutting apparatus.
1: 4 knife, 2: o — F+J load cell, 3: / —X/¥— nose bar, 4 : ZEF work-
piece, 5: 7 — 7" table, 6:5DF—7 ) feed table, 7: %D feed screw,
8: ®—4— motor, 9: IDAAERIFERL screw for setting depth of cut, 10
and 11 : ~N—FEHIEE¥N L adjustment screw of bar position, 12 : HE&F kv
& — workpiece holder, 13 : YIBIEFZL#L /v— cutting speed changing lever,

14 : #{ER 4 v F control switch
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Cutting force.
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component of cutting force, Fyp : {04!
HDOEBEHFIES>S vertical component
of cutting force, Fyr: Fp & Fy &
7 resultant cutting force of Fj and
Fy, a: 3 {4 rake angle, §: ¥
£ knife angle, 7: %A clearance
angle, d: ¥1DAAEEX depth of cut,
H: ATKFEARMRE horizontal bar
opening, V: AOFHEHFHIMR verti-
cal bar opening

teo ME, BHMOROEIC 7 4 v 2EERICE OB 0. 45 mm OiFHRE2H, HENOHERICE S

125 ABRE DR 2 EBATITHE Uiz,
1.2, ER@ERBIUCERE

MO AHBEIEELEE, N—ZEAIETICUH LBOBRKROERARE% Fig. 3 IRt 1A
HEINLOmm OBASREEREGNORERS ONT, BRIBEHENSEULEETHZOHEARHA




— 14 —

1)

(2)

3

(a) (b) ©
Fig. 3. Y10 ABHEI AL S E RO BB RBE

Veneer formation process in various depth of cut,
t10AHESE depth of cut: (1) 1.0mm, (2) 3.0mm, (3) 5.0mm
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Cutting force,
Frn : 8081 A DAKFEFE 5> 7 horizontal component of cut-
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ponent of cutting force, 1V AL E depth of cut : 3
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Cutting length (/) and instant-
aneous depth of cut (d)).
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TE, ChOOMMERRMY ALESOBKALE L BITELE 5, YDALEL LUK AOBERI, K&
& (3) THLHDHENS,

]
)
|
el
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5. HIBEIEEIC & BN 1O KEN

551 Eick ) 5 BURYIHIR OSHIH OREOEEH, 5, WIHIOETIZE 200 ALES B L UHIH)
ARBEMRL, thoDRBESSHTERR (1) BXU (2) BROSNI, £CT, ABTRINS
ORBRRICH ETE, N—ZERSETRBRINET -7 & 20, YIHOETICE B3 HBIMADY
HIS DT RBOE L, FRERBICLDEERIFET D C LICLORY, BELOBRINLKE
LERERIT 5.

3.1 HEREEL L 3ENBHOHEY |

BARERER, BRI L TRBROBHES b2V EEROEHEL b OEE (FRER) ofak
ELTEPL, CORAGRICHLTRILY 2 FEREMIEIITETH 5, BROBRELT, T
BEABERIC OV TREY, BABTCELT, ONERNAEZALTEEINS, @BABLUOT
HARERNTETHSL LT, BEBREZTI CLICT 3,

Fig. 13 WRT &SI, ZAREROHRAOBE, e, HAEMEEDS, » FABXU y Fil
DEME u, v T a1, o3 - » s FEBETHE, ZARERNOEMNIBROL S CRETE 3,

U=+ aex + agy
v =+ asx + agy }

EH @, @y o » s T WIREENL wi, viy uy, Uy wk Vr BXOTAEE x4, Yo X5 Yp Xk Vi

THObTELRDL SIS B, '
us=a1+ asxs + agyy
Vi=ast+ asxi+ gy

uj=w1+ngj+msyj

.............................. (5)
Vy=ast asx;t+ asyj
Uy = a1+ aaX; + @3V
Vi = s + X+ as Vi .
fok, v _{:K%ﬂ%y ?% Sz 1, @gy e , @ & (4) Kacﬁ
¥ ATBEE, ZARBEROEA - ISEMBRIIROEL S T
%o
7 =—§17{(ai+ bix +cy) ug+ (ay+byx+ csy) uy
+ (ax+ bex + cxy) uk}
v =L{(ai +bix +ciy) vi+ (ay+bix + ¢59) vy
) fejuj 24
() + (ak + b,,x + cky) Uk}
.............................. (6)
X
Fig. 13. SEEROHAEE, cet
A, WAEL Gy =X3¥k—XxYjy G5 = XkYi— XYk, Gk = X¢Y5— X4¥i,

Coordinate, force and displace-
ment of nodal points for a tri-
angular element. =X Xky Ck=Xj— X34

bi=3y)— Y6 bj=yr— i br=3i—¥j Ci=2xx— %5 ¢4
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4 FEABELOERT, SAREXO ML j, F ARBHIIICE 5L, RATRDON L,

1 % ¥
Azk;_ 1 X Yyl e (7)
1 xx Y&

EH - O3 BRI, 1, y BFAOVTHE &, & SANUTEE Yoy £T 2L,

gp=20 =20 7zv——+—— .............................. (8)

2y’ oy
ThHm5, (6) RO OHMAEN - OTHERBKROLSILHE D,

Ex =—2—12—(b¢u,- + bjuj + bruy)

=2—1_{(yj — o) ug+ (e — yi) uy+ (ye—¥5) uk}

-1—(011)z +cv5+ cxvr)

N

=—217{("k ~x) vi+ (g —x) vy + (25— %) ”"}

Yoy = —217(C¢u1; + cyug+ cxug + by + byuy + byvr)
=L{(xk —xp) uit (xg— xp) uy+ (x5 — 20 ug
-y v+ e—ydvi+ (3i— 39 vk}
FREZ L) v 7 ATRRTEERDEHKILE,

Y¥i— Yk Ye—Yi Yi—Yj 0 0 0

=-—1— 0 0 0 Xk— X3 Xy— Xp Xj— Xi

Xp—Xj X3— Xk Xj—X; Yij— Ve Ye— Vi Yi— )y

T, HEEN -V TABEEROBRE MY v 7 2% (B EML-VFAET LY v 7 R), TRRDE,
Yi— Yk Ye—JYi Yi— )Yy 0 0 0
(B) =2LA 0 0 0 Xp—Xj Xi—Xx Xj— X4
Xpg—X; Xi— Xk X;—Xi Y;j— Yk Ye—Yi Yi—Vy

EBE, OFHRI ME (&), WEABMRZ tvEk {ehn £T2E, BAEM-OFHBHEREROK
BT ERNTE S,

{e}=(B){o}n, e (11)
B - O¢AEFRR, BH- 0Tt 97X (D) REDROEITHLDEND,
{e}=(D)Y{e} s 12

{o} BIBAST b T, x, y BHADBNE 02, 0y, HAWEHE oy £T 5L,
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o
{‘f}=[‘fy]
Ty
T, BA-0FB<rY) v 7R (D) i}, 2REEFER T FHISAEEE LTRIBARDOLSITE
5o
Cun Cn O
(DI=|Ca Ca 0| e, (13)
0 0 Ce
Cu=Eg/r, Cia=Cupyr=Caupry=Cn, Ca=Ey/r, Ces=Gory, A=1— pyypys
Eq Ey:x, yHABOY VIR, Guy: RAWBERE, poy pye: BTV VI
HEAMERIEREDO Y » F7 7 v T, LEOBWHEERE LTROBEERAVEY, 4k, KHOH
BHA%E x HH, $EFEZE y HHE LTHW3, E;=52kg/mms, E,=102kg/mm?, Ggy=12kg/
mmi, gy =0.32, pyz=0.62
D R &Y, ZABBEROBHAR, HARMRZ tv 8ln DORDEIXKDZCENTE D,
(e} =(D){E) = (D) (B) (Blm  eeeeeereeresnienn (14)
S, HAWNE WA LHARMERR, REAFOREEL SRD S5, RELFORBEIIK
DEHcEEHLDLINS,

5{5*}T{P}ds +5{3*}T{F}dv_§{g*}1'{o-}dv=0 ........................ (15)

{o%) : (RIEEMI<ZT v

{P}: BIERE S D DREH~T tv

{F} : BIALH S 72 D DERBE S ~<2 t v

(&%} RABERICH T 5 OB Fav

{o} : BI3~<2 b+
EENEELILVE, (15) RRKROK DKL B,

S{B*}T (P}dS =j{s*}T{:r}dV .............................. 16)
ZAREROWEANY b {fim HAEL<T v 8ln %,
fa:i Ug
fz'j “y
{Flm= Sax {8} m = el e, an
fyi v
Fys Y
fyk Vi

ETBLE, MEHNDORTHE 8}Tn (I D REH (P} OBTHFCELINLE X5BAHE
EET D, DFED, (16) ROELDRROL ST B, :
j{a*}T{P}dS= BT lm et as)
(8%}« {RAREIREERL N2 by
EARBERNTRIEN, OFE0—ETHE05, (16) ROATRKRD X HiCis 3,
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S{s*}r{‘,} AV =V{MT{e} e 19)

V:ZAREZOKE, EXOFE&E !, EEE4LT58L, V=taLiis,
16), (8), Q9 X5,

B Tnlflm=t 4R T{a} e (20)
PEENELNS, Thic, (1) RBLT Q4) RERAL, FTREBEAEL~S by (*m LOF
By PV (%) E DRI &) = (B) 0% m OEENSH0T, (20) RBROL I ICIE5,

)T {f Y =1 4((B) (¥} m)7 (D) (B] {8} me

= (%) T A(BYT (D) (B)) (8 -wveevrereemvsmmsnmramsnsnens @
ERXp o,

(Fym=@ABIT(DY(BY) Bim  eeeeeereeserseniin e
E120, ZARERORKE< LY v 7 R K %,

(Klm=t4(BIT(DI(B) e (23)
T3 E, ZARERORIKHERR,

Flm=Km®lm e (24)
&5,

HEI3, AASEER NEAC MS-50 Itk 91T -7,
3.2, GHIEHOBTRME

BUREIMIBHIC B 1 2 BHIH OREOEED 5, YHIBETT I >N TEROUDAZES BHUD
ABEX) dy BEALL, FThohiKEBL-THHHGEG TS EMbd ot BEINEL, AP
X O EEI IR DMER LB A SROBANIER S W ARicE T 2 VIR | ZBRRETDALE
X d, DEBERERE (1) Thob3hd, T, | SUBAHOKEFESH (Fr) BIUEETRS
B (Fy) OBEBRIERR (2) THSbIN B,

YIEIED O E, YDASESE Smm ICHE L, EHANBER S WROBEENSHRINBRICE
VT, BB ERHCER Lid L Th SO YIBITERE 5 BRsichr, SBRENCED UK DS
REBE T L, REINIERSICE Y 2 008ES () i, STAGE I (1.0mm), STAGE II (2.0mm),
STAGE III (3.0mm), STAGE IV (4.0mm), STAGE V (5.0mm) & L7z, D&z, {IASKEX
A 1mm BLU Smm icBE L, PHE#ESENZH 1.0mm XU 4. 0mm OO BB AZ @ L
to 1B, BEHNORRABOBEN,S, ¥VALERE]L, 3, 5mm KRE LI LE, UIRIEHELEZ
NZh 0.95, 3.80, 4.55mm ICE L& XICROBENSELTEY, WOALESN Imm BT 3
mm TYHIEREH 1.0, 4.0mm O &%, F/: 5mm it % STAGE V & &iC@ERNIERK SN
FEBORBICHEY T2, COBAOBREY VALESE ICWHIARERK (1), (2) 24@ET5C
ik bR,

YIBEHORFICH 2D, TR BROFEIBHCOVT EBRET - TVWE0DT, ROBEZRT
7o

(1) FEHEAMEE UTRITTES

(2) MEIEE2RTERAHERESAIELIS
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knite

-

{radial)

(tangen- X
ﬁ%l)

E

7AY °
D —
Smm

Fig. 4. = A E R O 5 & #
Example of triangular elements dividing.
HYIDAHZER depth of cut: 5mm, STAGE V 44 STAGE V cutting

(3) ARG EITBT2EBNIEHATES

(4) FYTLVHEHLCEY 2HERRHV O AA RS ICERMIEALTHERT S

(5) FAHTOVELICBNT, BEhZEIC LT, £OBIRAB>SIBTcES LTy

ZAREROSEFE Fig. 14 KiRT, &I AB, BC, CD, FG, EF AR & L, & ED 2K
WEEE Lo t10ASEES % 5mm IKBE U, STAGE I~STAGE V O&LIBIBEICE T 5 FEefHED
BEROFEHES XUHARESRNE Fig. 15 1087, ARMELNMCBY 2 BEROAEIF R Fig. 14
WWRLEZD &L BEFE—TH 3,

3.3. YHIEHORIFTRRS L UCER

POABESE 5mm ICHEL, YBIOETICE 12 > WBIEHDOSHIREDE(LSE L b~ iR
% Fig. 16~18 ITR T,

Tz Ty Tzy DWVTHLE STAGE I 55 STAGE V iz, IMIASER LTW o THEA LT ¢,
o KDOWTHBE, HBENWHGT {WEER XUNETHFOREMEICIZ B3 55D s
LTW3H, AP OB ONTABRICETLTH L s FRIGEHD IR EAEOISMIICTIZE
REIBAHSE L TH D, F72 STAGE I LIS & BRER RO F s Sic REMIS 86 Sbhh, WHistET
ONTCDEFRGHDEIRIZIEAL TH L, FAEICRTIEBEEREIC I 208G O@IRERIC K
2L, /—ZN—ZfEH S THH LRSI I EN OB BICERBEAMBELTHES, /—X
N—DHRIICHT E2EABRE/NISRET 5 & COEMBHERBICET LTV 5, gHIMIRST 2.3
—DEAERZE LEZWINZIL LT 2 itk ), ARMBICETEBRIRERGI» S8 -RDIBAK
ZL, BEhZEULPTVRIRBIZEIZ2DEEZI NG, o KDOWVTAH S L, HERTH ORI
CRIRNRBIC DI - TR RO BADBS Sb TV B, Hic, MRIGENIHT { WELEES XUHED
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3 mm STAGE 1

/kni'

/////"/////.Z//////. 5

3mm STAGE IL

/ nit

0.3

./ 08 9415

3 mm

m N

STAGE V

Fig. 15. STAGE I 7»5 STAGE V ki) 5

EROSEB X UHAS

Dividing of elements and nodal force in

STAGE I to STAGE V cutting.

WHAHLEEX depth of cut: 5mm,
#5577 nodal force : (kg)
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STAGE IO

STAGE I

0.5




STAGE W

2 Wl & 3 BiRERBEOET (KT

5 mm

Fig. 16. o ® 4 T
Distribution of oy.

t1VASLEX depth of cut:5mm, Bifif unit: x10-%kg/mm?,
+ : BIEED G tension, — : E#EJG7 compression
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STAGE 1

STAGE T

STAGE I

5 mm
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STAGE TV

Fig. 17. oy ® 4 #
Distribution of oy.

PWHABHES depth of cut : Smm, BFr unit: x10"2kg/mm?,
+ : BIBEVD G tension, — : [EHEISS compression
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STAGE 1

0.5

Smm

STAGE I

5 mm

STAGE I

S5mm
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STAGE 1V

5 mm

5mm

Fig. 18, 7oy © % 7

Distribution of 7zy.

AAZER depth of cut:5mm, Bff unit: xX1072%kg/mm?, | + I

i+

I TE&
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HOTHECENG SRV IEABHENE, B, ROBETEIS 34, I OELES X OBBREA
DRI, MEFGTOHED SPPMN I E ¢ AICERIBNBRLE LTINS, Tey 13, HARIGENNHT
COHEES KCRTERSICHNMESS 5hHh, 7oy =0 OBHTED 5D EF O D > TOUTIO B,
HREREIC X BUBEIORRIE, ChETEHHULELY Paal® £k HiFbN T 5, Paka
DHEAITIR, NSRS EIEEDBITONTORET LI - THOEN 5, HMILOBRIFEE & AT
B BRREHBUTE S, YDALES, HEAHSRITICE L TOASRENETRE 32, o i€
BLTRATETHE ONARREBLOBRER L R BR—R UERISRINT N S, L, o i
PRTRESSRLE->THY, KRFETRIEETH LUBIREND B HSE8 < SEHTicizs -5
DIERAVBEL T B, BLOBARKREREEICE > T3, HE0ORITEENEL AERIZOVTE
SED LT LBOBEBNY, LAY WEL SHESBKIKERL, BEREOERICHIEROE
RBEINBOOLELL L, BREMICEY 2 Bl BICERGS, FEMNEOREIM HIcIE] -8 0 Ik
AWHobNBC EIED, KRETE NI RROF BRI SIBE L30T 2 DiIc 2 u4E S 3
EoicBbhs,

BOYHIEASS 5o 3 NEeMED 5 HEER LR, STAGE [ » 5 STAGE V ICH)BIA#T L
TOLBRICET B 0z, 0y, 7oy DE(LE Fig. 19 IR, BRELK Ly F37 v REMOB -RDE

160 //? 10 :
140 / - 2
120 /

(10" ky/mnt)
- 3
[=]

»
[=]
L

2

(10 kg/mm)

[=]

40

20
n/

oy

N
No-
ﬂ}

/ y
T
- b
A / E /
20 € 40
§ é//(f
No
0 T I I W v = 20 . {
STAGE
4
Eo
% | Be
zKnit bo
-20
cA—E2 I r L ™ v
STAGE

Fig. 19. &4IHIR 57— Jick i 2 Lo wElisH

Cutting stress at the knife edge in each cutting stage.




2 WIEEIHIC & 3 BARFE BB O (KT — 35—

13, B 51. 2kg/em? (35.9~69. 2kg/cm?), YEFH 87.5keg/em? (55. 3~102 kg/cm?), + A
Wik X i 84kg/om? (63~129kg/em®) THEW, ThbORMELIBIFRTORRE hEFsE, 0z D
BAZE A Ti2 STAGE 11 5 STAGE 1II, E¥% B, D, E Tl STAGE IV »5 STAGE V ic#»
3T, #i o, OBAER A, C T STAGE V it/ 3 & UIHIEAE B SEDHRSK ETACEICE
Bo 1%, 1oy OEAICIE STAGE V THHAMBIKEL TSV, LEOKER JISOT w7
BAMRBRH OESNIETSHD, COMEELETS LTI DRERD 5.

Fig. 20 81U Fig. 21 KtHAAESE Imm FLU Smm KHREL L & DYIBIG A OB ERE
S, BIRERL, BEANSRELLEROREDY 2 S V- a ¥ THD, 10ASRESE Smm la]
# 7 & 2 STAGE V OREEICITZMMUT 5o 00 0y 7oy DOTHIREER, Y AHEZ % S5mm I
DHELTHE L BA L B3R CEASRINTEY, Y0ASESH 1mm D& &, HEMECH S
D o BETELE -TNED, WHRALESAELIETEHNHIE LTV 2WHIEDEICRA
I HERED SN,

S ¥z, BENOWRCSOVTRIEEME 5, AMOTH (EMHNE XCEESI) & x, v BEEH
B X &, BT RO ¥ — AMBIRICE L & SAHORBREBET IO LRET S L, « H
P55 0 A LH Eick Y SRR S Fo BRR TR S1B, '

_Jfcosty , sinte 1/ 1 _ ., 1 PP e
Fo { F2 T Fg +T(F1, nFlF,)Sm 2"} @5

Fy, Fy: AMEEFH ORISR X

Fu: HANHEX

o x Whh o DESA

no K, pe, wm ERTYVHETEEROD AT —ABEL OGNS,
(i) n=0, (ii) #n=2Tpppy, i) zn=1

s+ pig1 + 4 paspm
Vimapn 2+ p9) 2+ pa)

—%, UHEICEEIMICELTOS £, ¥y BHROBIE 0z oy BAMIENE 72y LTEE, * B
5 0 iR L8 Lic B 2YBIGA o0 RIRXTRD 515,

09 =0y CoS? 8+ oy sin? 9 + 274y SIN G COS @ rrreerecreersemmsariinrensanse (26)

iv) n=

LT, K—gh 64 &, KD 1ICHET 53 SHMMETPTORIBCED, 1ALl

BEEZ, MEUNOBARERN (33VRRAN-BFERACET 80— BRETLBDLE
zZ o3, COBE, KERKICTEA 6,

dK _
de

B C LI EDELN, ZOBOHEE 6 &L, (25), (26) I o=6, ERALTRONS Kr ZHHI
HOEREL & b EE BBRE) & Lo K BROX SIS,

O e (27)

K,= ;‘0; = (0 cos? 8, + oy sin? 8, + 27y sin 8, cos o)
r

-

{COS4 6, , sinte, 1 (_Fin_ _ "_Flng)Sinz 291,}7 .................. (28)

Fy? Fg 4
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1 mm (o)

p—t
1 mm (’Tz‘y)

Fig. 20. 90 Bl J& 77 @ 4> 75
Distribution of cutting stress.
WHABLZEE depth of cut: 1mm, Bifi unit: x10-2kg/mm?

«—

oz, oyt + BIFRDIGH tension, — EHEMGS compression, Try lTlT, I

i

l
"

f




2 BOEYIBIC & B BB BRABROFT (KT

T3 om (o2

3 mm ("'z‘y)
Fig. 21. ) 8l J& 5 @ 4 70
Distribution of cutting stress.

M HAHES depth of cut : 3mm, BT unit : X10~2kg/mm?,
528 marks : Fig. 20 8 refer to Fig. 20
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@) ROHER, 2HERED KLV, HEIC 7D Fi=512kglem?, Fy— 87,5 kgfoms,
Fy=84kg/em? & Lizo F, n ZREOTE® 5547 — 25 R LABAASTZRBELTNSD
EHIZUD B, ZZTIR2=0LLTHEL:,

DRABESE 1, 3, 5mm ICREL, BHNIE UAEROBAICETS & at ey a ¥ A,
FAHEOBERICHT 2 B K, 2Rb78RE Fig. 22 KR

0 (=)
0
(-) 0.1 0
N
Q7 ARNENES 0
nife, 1.8 15 0
7 5.4 1.8 |07
0.4 20 |08
1.7
0
o]
1.0 0.7
0.2
09 0.3 0.3
0.2 0
0.2 0.4 F
0.2
]
~ d=1mm
1 mm
0.1
(~) 0 Y
o |¢)
0.1 '
0.4 0.9
15
0.
7 21 23 0
nife
34 (13 0
1.4 0.6
o 0.3 12 1.4’ 0.6
’ 0
05 0.5 0.3
\J 0.3 0.3
0.2 0.4
0.2 0.2
2 mm d=3mm

Fig. 22 (28) X TH & L 7= B 8 & X
Coefficient of fracture calculated by equation (28),
— : JEREIG) compressive stress
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(=)
0.1 (-3
(=) | o4 Y
00 0.2 0 0.1
04 12 ’
09 0.3
nite L4 107
32 | 13 13 0.4
0.4 1.5 1.3 0.5
=) 05
0.5
0.5 0.3
—_— =
2 mm d=5mm (STAGE V)

Fig. 22. (o-3%) (Continued)

AR LTOAEROBRMCROTR LI RO ENC R ZEREERL TS D, WERH K,
HEICGENTIT COEIRET 2B TRLEL, URHESE 1,3, 5mm KRELTHHILL & K,
RZNEN5.4, 3.4, 3.2lNE-TVE, K, AL OSENBICONTET LT, HERTH O
BIHERic >0 TA 3 L, WAHERH 1mm OEAFERFH 0. 4mm, 3mm OESH 1mm, 5mm
OEAK 2mm AT 1B LR - T3, BBAEES 1D EOMIC 105 2 EMEIRIEZH, h
BABRETT - fo DRI SRR X3 2 EIKERMRS D, FEIIZEEHM I MBHNERLZRL
THy, BENOEIH LV REORET 3 HNEERNICIEET 5 /oI QBB RIT BSUEICE 5,
Eh, BEAEH1IGELAERIH LU TRBIREAEBRREE LIS LTRE LT NEE S0 2
75, APIETESNIETEES SN ESENOE P TOHEIHOBME BT E 2, 25D, ¥
ABEESICEBERE  FWRIGEO I T { WETELANBTTAEL, YOASZRIWNIVEEITRILR
ﬁKm&bTE%?<DELK365K}ﬁkémtbQHME%LﬁKU#w,@ﬂ&%éﬁk%(ﬁ
ZEFHAERMEDZ2ORFDTH U > THENBEZEL TN T EbE B,

34 ¥ & B

BEHEIC L 3 BEREEAROBEEL L UCWHHOHEDS S, EIhiREL, ROBHNLRET S
Mick i 2 IHIBERE & RELAL EX B X UPH A OBRSERR (1) XU (2) TR bhi, C
NOOBERICH &5, WHEHICEEMICE DTV 3 NHIEI OS2 B IREREIC L 2 BRI Z1T S
LItk UKD, BIFRREEENT 2 LRDE DTS,

(1) oz i3, FHBKEOCHHTOELEXCIERNTO SHEIMEBIC KR RO BOBEFLT
BOESANMEST BHEAT O3 - RO IBHR SHHOBERAH O 5l - ROBIPLECE > T B, 2
tz, HELCGEORGFE RS X CBERERMICBEMEABS obh b,

(2) oy, FEMFOHBIMBOECERICH I > T3 SR OEHDE Sbh, FEMTICET 3k
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Bt or DBE LERICEENSET 2BATRENMOEEFHOG -RVEEL EKIE TN S, #
VHEETRS 0, I WEE BREMOEME, FEMFICERBINE bbhb,

(3) 7y i, FRIGENTIHPT OVEBS XCRFERTEHEMESS Shh T, Bihsklr
BATLZNOOMR JIS 07 1 » 7 HANRBRIC K DRD I AWE S L DB DEN,

(4) HEBMOHHORAIC L REEN BEL A VX —BEBRICZLL S ETIDOLE KEL,
(28) RIC K DBHEY K, 2RI, FENEDOHHUBERICHT B Ky 205, BHIMOBBITLIGE
WHHTVERBOTEED, YDALEIENSSBELLBAIRRBIEES (—f) T, K&\
BAKRHENE WEHE) Kih-> TEHEHNBHEHIMATIBA LS T EBHEAITE 5,

4, REEHEREIC & B EEIISH o

ChE TICHBIRYBIRICBIRNICAE T 2 BN, FLs —HMoNOMBEtIc KSR EEERY
iRl MoNTHNEMP-20, H1FETRE L 2 RTTEIC X 2 BRERBBEOBEERE,S B
O LBRERSN, BENORRII, HRCEIHAIE T 2 DHEhOSRRBIRELE SO
B3CERUVREZ SN LS, RETIDEHERBEERCID, FOMREELSETUH L L &iT
BHEIBMNICE U T 2 UIRIE I OBIT 21T, BENOBRICOVWTRET5 2 &iIKT 2,

FHRIGTRET S 5AMOEN (OF5) BBt + AT 285 chEiTicbiTbh
TaTEY, ERTELZY TOIHIRROMEADOVF4457%, 3l-RIFETICH 3 ROBTELLD
OFHAHEY, FEYEH®, 4V Py FEEGHOMTIBNE® OFIT BTbh T 5, YIBIBAD#T
I2NT, SBUIHIZRRICLT Oxosa® DI DRI INTOBAS, WIHIHERGHBEBEIN &R
TLOBY 2BRYHIE TRRELSBRE-THEY, 2OBAERBBZRL ST,

4.1, FEEEDETOBED®

H7R, R =—SFO0FESHEVEICHEEZ BRI E~BWCEFEETRL, RENERRE
BT B, BB IEIRICORERERE2RA LT, HHE
PCEUTO R IERIFT 5,

Fig, 23 BT, ERADHK O ICBF 5 FBN%E o,
o3 (AVWIER) &L, 20 AEBONTRICEBEICAHNT
554, X3 o, 03 D2HFHICADPNIBEE LTOHE
BT 5, FRMEHEZZHTORO OO EFRE 1o &
L, 01, o3 DHAICRET 2 WD BITRE ny, ng & T3
L IROBBOER D L2,

ny—ng=Aoy+ Bog }

P SO (29)
. ng—ng=Aocg+ By
Fig. 23. SPERLREICS 516
N1 7 DK T 4, B: M
Resolution of the light vector 29 Xhro,

entering a stressed model
in a plane polariscope. m—ny=(A~B)(o1~00)
Py, Py, oeeeer , Py : & load, o, o3: =K(oy—ag) reeemrenereeen 30
F i principal stress, ¢ : EROEFE X
thickness of plate HOEEMOEEE ¢ &L, o1, o3 FHICRET 208
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ERAEAT 2EEE v, v LT B,

c=vmi=vang e (31
FROES% t 53 &, TREHTHRABET 2L,

Hoy—tog=tlc-(ri—mg) e (32)
TR ST BT 5 AR 2R, '

s=Ptm—m) (33)

c
P : Bt BikiRE o fHE
YHHEENT, ZOWELA A ETDL,

A=2mc/P e 34
(30, (33), (34) > 5, WD Brewster OFEAIIRD 515,
3=2mtK(oy—a)[A e (35)

5 B EN 2B O, A BEXOER, ¢ RKE, K: HEOX
BYWER, o1— o FIRICELUTWBERNE

AWMETIE, ZHHE o —0 % 0y, 03 CHETE0K CAMBHERMEIC K -8, CODIC
REBAFH EFBAELHET 2 LEND S, 2HOREET (P, P OREBELT BEXI ¥ BERRE
XFOBHT, BT P ZBEROEOME [ 13,

I =D2 sin® 24; sin2 3/2 .............................. (36)
D : ORIE, ¢ WETF P1OEMEEEN o1 DIRTH
THobIND, B, AEXZFEALLBADKDOB X T RRDOL IS,
I = D2sin22¢ sin28/2 0 eeeeeeeeessieceseeninn, €Y))

KO®E [ i3, nw/2 (n=0, 1, 2, =) DEE, DFY or OHAMFRT Pr OEME—H L
L&, BRI ORMMVIERICIE 2, CORBROERTSEEEREML, COFHMRERDS L
EICEDEIT 01y 03 DHMERET S C EHTE B,

BEXEETO B 14 ERREBALES, LT P

PEEED ROBRS T 1, REF PLoZ#EEEN a0 ¥ q+gmy

BT ¢ ICEEE <, BERAER LB, o + 2By
T=D2sin25/2 = eereereeeeeniens (38 ] N . 2o N

BEXEER LBAaIE, ;_+ « o
IT=3D2sin85/2 ceeerereveennninn 39 . ot %de

TRENG, Ty

HEoEE, 6=2Nx (N=0, 1, 2, - ) D& xkE %

RICED, COBRAD BRESEE, N EHKHEHL \
@) Rick D TBHE -0y OHTREERD B 20 Fig. 24 FAICHY BIEHOFHE
TEB, KK BEXEROE BAE GEBRES 5 Caubrium of stress In a plate.
R, BENHITS L LICE D SERRE XURIRERDS e A 1]

CEMTED, oz, 0y i + tension, — compression
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D&, FHEAOEEREL Fig. 24 IWRUIERBERICODWT ELS, v, y BAADEELH
% 0 0y CHICHIET B2RAMBHNE 7y E93E, FEBHOFEHFERZRDOEL DTS,

30y | BTpy

— 4 =0
2% )

Yoo e (40)
30y , Bray _
ay T 0

(40) KEBDTBLERDL SIS,
or 4
O =0y — S.:o ay”dx =0y — Z‘} ;;”A x
.............................. 1
Yy OT. 4T

Oy=0yy— Lo a;”d_y =y, — g A:”Ay

Trg Ty BRENTN x=12, y=y, TO og, oy DT, —AHICHBERS LICB 3 EAOEHAN S
N5, AHETE, FRERBICLZEIRITOBRESEZECLT, JEFH 10mm ORBTOHIE
0& L7, x BB 3003 y IETRHET @D RCXVEXEAIETICEITLD, o B0 oy
TRDBLENTE S, ERONBICET S BEARERBAD o1 HAE x MO THE ¢ T3, 0
9% 9z Oy Tzy ¢ OREICIRROBESRILT 2,

op=01C080 P +ogsSind ¢ e 42
oy =01 sin? ¢+ oy cos? D (43)
op—oy= (‘71 —g) COS2 P e <44)
ey =%(,,1 ) SINZé e (45)

38, KRETRADEBOLGEE/I L&, BEUMHICET LB HDREBE BT &
ZFERENELTOEDT, IBHOERMHETRESHEMETH TS THYD, UEIBIOBITHERICIZ
SeREICH Db IMEERT. BAMIE 7Y v Y4 —4 (fringe order) T/RLT 3,

4.2, CIMISHDBITRY

BRUHBNE Fig. 1 i RUA 2T AIRBRERBITXY T, AMBEBRFRE I THIROEBERE
(7% b5 AFy 748, PS-4, ¥ /'8 70, 3kg/cm?, St O A /A 0.009, BEE X 2.03mm+
0.08mm) % TR+ VREBHATHEEL, R EBERELERICE U, £/ UiokRikiE,
Z7x P FRFy S HEORNEERUEETH 5, HEARER, 2REBO<H 5T, UHHFEERER
Fr O¥AIICEST, RESICHEAMICERSFDE U, HEMORDEICORRERBESEE L, 1
B, IHIEAOEITTI, WM OERANE « B, FEHFNE vy BHNE Ui, IREER, ©
RHFEEA Imm BLY S5mm @ 2KEE, FOKELAHERZIREORS 27k, ®REOBS 3KEKL
ELEHTO S, APAIZ20° FFAR 1L T35,

13 MBIERD L UER

SR KUEEROAE % Fig. 25 ITRT. SRBOBE, HER LU/ —EAAMEII 102K
P EDEBECHROBMBFEELTE Y, HIC —FAARETIIBOMBSEHICS DFEREOHFH R
THbo T, AT CEHLOBRSS TRARLIEEREG TIEL, ERET-HOThOEHETT
HELEN, PIESRERBEOMERE LY, o OMBRERBIT 20, LOVHWEESZVR
SO EREOHHUEGERMRIEERTICECLD, DIBEERIFEEENEONIZENTHRELS,
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(2) (09 (5) (60%)

b i s

(3) (209 (6) (80°)

Fig.25. T @B X USHEBOM
Example of isochromatic and isoclinic pattern.

(1) : %43 isochromatic pattern, (2)~(6) : FfHfE isoclinic pattern,
UIAA T X depth of cut : 3.00mm, F[1/AKNEH[H K horizontal nose-bar
opening : 2.60 mm, ¥ [EE K[k vertical nose-bar opening : 0.60 mm



{2)

Fig. 26. & &, i

Isochromatic fringes,
HOKEHMIRIRE horizontal nose-bar opening
(1) : 2.85mm, (2) : 2,60 mm,
VAL BEX depth of cut: 3.00 mm,
FAOFEEHEEF vertical nose-bar opening : 0.60 mm

Fig. 27. £ & O #&
Principal stress trajectories.
HKFEH R horizontal nose-bar opening
(1) : 2.85mm, (2) : 2.60 mm,
W AHIES depth of cut: 3.00 mm,
HEEHIHER vertical nose-bar opening : 0.60 mm

S IMEEERY

& 628 &
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LirL, ARECRECHER R 2EHhORE STBEHOBEEL RS 5 E2ANELTNED
T, FENFOBEHHBICONTORAFIRIEZITLHI2RERNEETZCENTE B0, WHISH
DRI ROBHABIC S ST 3 EROBHH OFAIC>NTITI L &Ik 5,

T OFEHEEH I LT - HEBOSEHEOREIROVTR, TEHOEMN% 20° MR CEfL s ¥ L
EORRAFIRLTV A, Fhd XU —ERAMEEEAL UTHIVRNICOTTY 3 2, T
OEHNK E BB ONTHEE Y FRKKEET 2 ER8S 0NhD, 28, ERCEL T 0°~80° D
HHECTRETOXE#Z 10° 303 15° MR TEL &, FHEEOWEET -7

WORAAES % Smm KHREL, HOUKEHHEBRE % 2 KBS & T BRIHIET - 72 & S DR
¥, FhFAORFEREY Fig. 26 3 LU Fig. 27 KRd, FKEHFBERESE 2.8 mm ic8E L
TEH LA, HIUNTEm BB, FEd S MEFMICFTREVAE »5# 1.5mm ~—f]
I - f A BICE T 3 %A SN 528, HIUKEHAMEIS 2. 60 mm Q&4 LEOMNEX
DHBIGEN E T AR LTV B, HOKEH AR 2.60mm O & & ICREHENOREZIZEAL
Aond, BELTHZOESEBERIEVD, 2.85mm iFELTHHI L & S IidBENDORED
PEEICL 5, Fig. 26 BEHNRABEMOREEZRL TN 2, MONFNBRIIYT S WE LCEEHL
T BEHNOKBICRITHEL LTV 2, EFHOFAC20TH B L, BREBAROTHOEHETS
N—fERAMSE (P A) A E LTHEMAIROUTH 328, P AMTIRBY 3 EEHOINKEDREER
FOAEH MBI E®E > T3,

FANIBHEESEICE DR FERMFORHNHAICE T 5 YIRS HO5HREE Fig. 28 H&KU
Fig. 29 ITR T, BEINIT S —2ERAIRTUT-TWa o &icb &b, BEH o ~—fEAE (Fig. 28,
29 e 3 A-ATE) IGENBAIZE LTINS o, oy BOTHESROBACIE TN E, Bl-8RD
BAOMER, FUREFMEREZ 2.85mm iCHELTWE L & SICB LT, 2.60mm I FEL
T Lt & = O MEREICD T > TH Y, i —(EAAMEICE 3 MBI TS, COF
SRV BAE, BEEMicgh (REh) 22 UHAREIESEELOND, BOI-RDIEHD
%o AMEIR S —fERAMECER CRVRBRREINTE D, REMWSELTHHENICEIEA
LIEndDEEZEZLND,

BWHIMO < —EREE WE LTV B3 2RV IEN 02 oy 1 HERICEET 2 ICONTEMIEHICE
L, ¥7cHABBIEES bRICENT S, Bk, HOKFESFHERER2.85mm & 2.60mm O LT
Il Ut & & OWBIB DO ATHREL BT 5 &, BEBERCEBETENS SNEH, YWEEIOHTHR
REIZRARETERED SN,

WOAHEX % bmm IZHREL, NOAFHAMBEEL LT L & 2 OFKREE Fig. 30 i,
FAHEA Fig. 31 IKRT, FAEHFAHEEZ 4.95mm KHREL, —% HIFLIIERSELR
BECRBAEA T - 7B ST PIE D ENEINSRET 545, Fig. 30-(1) IWRLTHHERIELN
NFEL, ROBEANSRETLHOREARLTNS, COHE, BRE5RETOMBHBIT X753
WENORKOEDS NI TEE B-B) 0obAF¥3.5mm B3 XUK lmm OMEICNELTED, HH
ONBREICRE LT TN T L WALEBTLTH 3 BEANOERBICH > T 5, HOKFELFH
M2 4.80mm & %02 4. 60 mm ICBE L TYHI LcBa, ~—ERAREICER 10 R~12 REFED
BORAEIHBNT X, REII—FRAEHEEORZPHMABIINET 28[M3S 605, EIHHHFH
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5
A - A
0

5 4 2 1 05
ié—’—/"

Fig. 28. 41 §] & 71 © 5> %

Distribution of cutting stress,

Q) ioz, @ iay, (3):iryy
WOAHZEX depth of cut : 3.00mm, FOKAEHMAAR horizontal nose-bar opening :
2.85mm, FOOZEEHMIRE vertical nose-bar opening : 0.60 mm, BIff unit: 7Y >
A —&— fringe order, =—7 marks : Fig. 24 & refer to Fig. 24
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Fig. 29. Y1 Wi & 1 @ &+ 7
Distribution of cutting stress.
Moy, @iy, (3):ray
1 OALZES depth of cut : 3.00mm, FIKFEH[EF horizontal nose-bar opening :
2.60mm, FNTIEE AR vertical nose-bar opening : (.60 mm, Bfr unit: 7Y >
U# — & — fringe order, 305 marks : Fig. 24 2/ refer to Fig. 24
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——
2mm

Fig. 30. & @& #&

Isochromatic fringes,

HOAEH AR horizontal nose-bar opening

(1) : 495 mm, (2) :4.80mm, (3):4.60mm
PHABEE depth of cut: 5.00mm,
HAOEEAFAIMEE vertical nose-bar opening : 0.95mm
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A
P
(1)
Znif B 8
FZ mmﬁl
W)
bar,
A A
P
(2)
- _ AN - A~ -2
2mm
(3

Fig. 31. &£ & 71 #

Principal stress trajectories.

FIKEHFER horizontal nose-bar opening

(1) :4.95mm, (2):4.80mm, (3):4.60mm
YIHABLEX depth of cut: 500mm,
FOEEHEIR vertical nose-bar opening : 0.95mm
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{1)

(2

Fig. 32. ¥1 Bl J& h @ 4 #

Distribution of cutting stress.

Moz, @iay, @: Txy
19253 E depth of cut : 5.00mm, X LIKF MR horizontal nose-bar opening :
4.95mm, XNOEE GG vertical nose-ber opening : 0.95mm, By unit: 7 ) v
Y4 —4— fringe order, 325 marks : Fig. 24 B refer to Fig. 24
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(1)

imm

—_
imm

Fig. 33. ¥0 Bl 5 71 © £+ 46

Distribution of cutting stress,

MW iox, @Dioy, (D:irey

D ASLEX depth of cut : 5.00mm, FOKFEH [ horizontal nose-bar opening :

480mm, MOEEHAMES vertical nose-bar opening : 0.95mm, B unit: 7Y ¥
o4 —4 fringe order, &5 marks : Fig. 24 2 refer to Fig. 24
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‘“
iy A A

()

(3)

Fig. 3. W1 i J& h @ &3 %

Distribution of cutting stress.

Doz, @)ioy, (B)irtay
HIDAAEE depth of cut : 500 mm, FOKEH I horizontal nose-bar opening :
4.60mm, FNOZE 5 vertical nose-bar opening : 0.95mm, Bif unit: 79 v
U —4& — fringe order, i£5 marks : Fig. 24 B refer to Fig. 24
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AHBE, AP VES LU~ ERANTEEEAE UTEBHEHNMAICOTTO 505, HENE
ZEAE LTHEMRICOTTO 3 EHAOHE B FES & OB TAER, FOKFHHEBIR
HBRBERELBIBEANS SNE,

B0 ABES A 5mm icE L TN L & 3 OWBIS HOMITR RS Fig. 32~34 IIRT, HOK
EH ML 4.95mm ICBRE LTHHI L7 SaICsBIFICE LT NS 0E, NOAFELRRRE
4.80mm &5\ 4.60 mm ICEGE LTHN L BA & Wy 3 EpR NS, ERENDOHTHREI
B BEARS DNBo 0z KOWTH S E, FRMHEICEEMGHILEL, BHIHO—EAE (A-A)
CEET BN TR B IBEHIEL LTV S, X—fEAART IS 0bh B8 - RO IBARHOKYE
FEEEAIE 5 EBWL Y, THBEREEBIOET 3 MBERFKEHAMREIK L 5ICONT
Heofp EHICBETAENES N5, o KOWVWTH B &, HOKEFEAMMLS 4. 80mm H2 12
4.60mm DIFA, FEFHOUIHITERICH » TEMB OIS Sbh, BEMO ~—EREIEI I
SNTERIB AKX {12 -2 BB S BDBACELLTH L . COBA, Fl-ROBAR/ —FERAAD
VAR ShTE YD, BEM O S—EREICGEO R T b —ERAD DEMND & oz LRI
DERBICE > TVW5, EET~EA, FOKEHFMRES 4.80mm $ 513 4.60mm DFAIT
13, FEMRICE UTOAEHR ERBATH 5018 LT, 4.95mm iBE UTHH LI & &iCi3E]
SEOBACIT -TED, ETLEAMBHOAEL, FEMEEZEAE LUTEAQNE LD TOREIS
STWBC EHbhBe Efe, FOKEFAMBERREL TUHILBAKR, ~—ERARMEICR
BB -BD B IS XURANGANS Sbil, ~—EREORAF IR MEREAE LY 2 FRIC
EBDLEEZOGND,

WHIRIC S 20— O FAESE 0.40mm icEL, WYAHFEEXZ 3mm HLU S5mm ICELS
D& xDERHEMEICBT 3 DB HOREE KT 5, o OBATHRHRSE 3mm KRE
LBl Lz & 2 DFHHIE D BEOMEICT o THOBH, oy BXU moy TRREDERZED DN,

4.4. ¥ b »

eI e X U, BURYI BRI BT P ic 4 LTV B RIHIS D DRRFTE TR DM RERS .

P ALELA 5mm, FOKEH AR 4.9 mm ickE LTYRI Lcia, HEMEICRE-%
DIEH (o) DEL, Tt Z OWBIFMALIC BT B RARIEN bR E L, FREEHRETHREAN L
Lo REBICH - T B, FEMECET 3 LROB RV ENE, HOKFEHOMEE 4.80mm &
4.60mm CRET S LICED FRENCENT S, ZOBE, HEMO—EHANECRPREDE
ZVROB B EHNS Db, FREAMBHOE B E1), HOBSHEARBELPTIESS
DrEZIOND, BEMICHTE N—OFEAESE—FRL, WORAAESE Imm LU S5mm iCF
S L7, TAAEICEY 3 op BEEOHN BEOEETOEH, 0y BBV ey T FEM
TR EACHRRS SN,

2 WILTBIC & BARYIMIBRIC 35 1 2 SHIM ORBOBE, YN HORE, HRERH SR
I & B UIHIG D OB ETT D C SIC K D BROKRARE, HicHINORECHT 2D ALRE,
FORBRSEOWEIRGOEEL L 57,
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(1) WX 2BROWALRRETIE, Hikh SHEHMARE D - THN EEh) BRETSHE, T
OBEENO I HIC HEFFCES N BIPEENZ DA RE @HWDRASRE) &85, L
T, YBIOETICELL - TRIFNDASBESHBEMLTHE, HEEICETZ LHUCRIANSREET
5, COBRMIWOALBEOECHIELT, YRV I 2 AR BHNTEESETRT .

(2) Efhi, Y0ALEIENS EZEHEL ORI EHRG L - TRET 58, WHABLES
ZREL LD ELEOIRTNFAREELEL, BAKE - TRALL SHDTH (EHA) ictr-TRA
T35, CORR, DORAFSEREL LB L, BFECRCOENC L 2MOBRADET T SHESR
13D, BREZELKES, 48, YORAIRIBKIVBETOADHEBERIRELTUHITS &
EEhOBEIREIRY, $L20REHAGHNE» OB EF RV, BEREORERTLET 2,

(3) A, WORAHRISHBRELLES EBHRAICHAL T, —7%, WHIAREENHOERE
ZEHBHLICIDBTL, FiE90°C TEMLE LMo ARMBIR LD ETRIPPRE 54
MMFEEDE L D 20~35% BT T %0

(4) EENMBRE LIS EROBHNLBREST ZHICE T 3 HEMOURIB IO HRECELE,
HREREIC I ZBEMITETO T LK ORD A, PHFMICETHROES (02), BEAKFRD G
(o) EBARMEICBOTNG B SROBABELTE Y, ThLOBDIZHEID EITT 2> TH
AL, BENSRETIHATREARELE 3 -RHHARDP OR® Sh bl - ROBI L EOERE
> T3, HRMEKELTOZ AN (o) &, BEOMEULEATS JISO 7o 5 7 AN
RRICE D RD I AMRSICE L THRE,

(5) AHOREBHIHEEL 3V F—ICXEIN S LEL, NELEOSHERC & ICHBRRREHRE
L7chs®, ARIGECTHT  E LOFNHBK T THBEL L, DEFRPYOAZESWNIVESIE
FEFD LFOBBME, MDAARIBAIVBRICRILIT ORI HICBEBE LTV, Th
S OFTRERE, BIRIBRC B 2 OBERR L 5B SO BHNOREHIC—HK LT 2,

(6) MeHWUWRBEICLD, IOREEELEEE XOFNMAROWBIE DT OB 2T > 120 H
OFBELRSRET 2L, HEMFCENT, UHHFAKERT 3 HFAOKH (o) 15 -R0IBAKK
D, ¥IRAMIBH (rzy) bEL 5. 18k, WHFRIETHEOOKA (o) REMBSHICLE, H
OMBERSRELTORI Lic s & ST 5 LEREL, FOMBELSREL TR LBAIEN
SHEEEAE UTERANSECPTVRIEICE » T3 EBH L HICIE - oo
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Analysis of Veneer Formation Process in Two Dimensional Cutting
Nobuyuki Kinosarra®

Summary

In this report, the veneer formation process was observed, and the cutting force was
measured in two dimensional cutting. On the basis of the above results, the distribution of
the cutting stress during the veneer cutting process was investigated, using the elastic analysis
of finite element method, and the photoelastic coating method.

(1) Observation of veneer formation process and measurement. of cutting force in two
dimensional cutting.

The observation of the veneer formation process in laboratory scale two dimensional cut-
ting was made. It was observed that the cutting failures (lathe check) developed toward the
bar side from the knife edge in cutting with a small depth of cut, but the direction of failures
shifted to the cutting direction when increasing the depth of cut. When the veneer was peeled
with thicker depths of cut, the quality of veneer surface deteriorated, because the veneer
surface was formed by cleavage and not by cut with the knife edge. The formation process
of failures related to the variation of cutting force. The interval of peaks of cutting force
was depended on that of failures. The actual depth of cut (instantaneous depth of cut, d;)
was changed as the knife proceeded. The relationships between the instantaneous depth of
cut and the proceeding length of knife (/) were shown in experimental formula 1, and the
relationships between / and the cutting force (horizontal Fj and. vertical cutting force com-
ponent F,) were shown in experimental formula 2. When the veneer was cut with the opti-
mum bar opening condition, the quality of veneer surface improved, because the depth of failure
became shorter and the direction of failures towarded the bar side from the knife edge. In
cutting with narrower horizontal bar opening condition, the wood at the clearance side of
veneer were sheared locally.

As the heating temperature became higher, the horizontal component of the cutting force
decreased, but the vertical component of the cutting force was scarcely changed. In the case
of the workpiece heated at 90°C, the resultant cutting force decreased by 20% to 30% for
bagtikan (Parashorea malaanonan M:rr.), and about 35% for apitong (Dipterocarpus sp.) com-
paring the cutting force in the green condition. The relationships between heating tempera-
ture for the workpiece and the cutting force were shown in Fig. 10 and Fig. 11. As the depth
of cut became thicker, the cutting force increased as shown in Fig. 12.

(2) Numerical analysis of cutting stress by finite element method.

The relationships between the proceeding length of knife (/) and the instantaneous depth
of cut (d;), and ! and the cutting force were obtained by the photographic observation in
veneer formation process, and by the measurement of the cutting force. Applying these re-
lationships, the distribution of cutting stress during the veneer cutting process was investigated
using the elastic analysis of finite element method. The results were summarized as follows.

(a) In the case of the cutting stress parallel to the cutting direction; The high tensile

Received November 2, 1983
(1) Wood Technology Division
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stress appeared in the workpiece at the rake side of the knife and ahead of the knife edge.
When the cutting failure occurred, this tensile stress reached the maximum tensile stress of
wood material parallel to the grain.

(b) In the case of cutting stress normal to the cutting direction; The tensile stress ap-
peared in the workpiece ahead of the knife, and the stress near the knife edge reached the
maximum tensile stress perpendicular to the grain of the wood when the cutting failure oc-
curred.

(¢) In the case of shear stress; Though the high shear stress appeared in the workpiece
at the rake side, and at the clearance side of the knife near the knife edge, these stresses
were lower than the shearing strength obtained by the block shear test when the cutting
failure occurred.

(d) Under the assumption that the cutting failures would have occurred when the elastic
energy went beyond the bounds, the rupture coefficients by formula 28 were calculated for
the elements of workpiece near the knife. It was supposed by the distribution of rupture
coeficients that the cutting failures tended to extend toward the bar side from the knife edge
in cutting with small depth of cut, but the direction of the cutting failures shifted to the
cutting direction as the depth of cut increased.

(3) Analysis of cutting stress by photoelastic coating method.

The following information on the cutting stress in veneer cutting was obtained by the
analysis of the photoelastic coating method.

When the veneer was cut with 5mm depth of cut and with 4.95 mm horizontal nose-bar
opening, the cutting failures would easily occure, because the tensile stress normal to the cut-
ting direction and high shear stress appeared ahead of the knife edge. The tensile stress
normal to the cutting direction ahead of the knife edge was changed into compressive stress,
and the high tensile stress and the shear stress appeared at the bar side of the veneer when
the veneer was cut with 4.80 mm or 4.60 mm of horizontal nose-bar openings. Comparing the
stress ahead of the knife edge in 3mm and in 5mm depth of cut, under the condition of the
same bar indentation, the stress parallel to the cutting direction was little higher in 3mm
than in 5mm depth of cut, but there were little difference in the stress normal to the cutting
direction and the shear stress.




