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Study on Injection Molding of Thin Plate with

Double-Side Micro Grooves
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ABSTRACT

This research is to investigate the filling effects or pattern transfer on
molding replication of thin part with double-side V micro grooves by
injection molding. Moldflow analysis has been implemented to simulate
the filling process of single-side micro grooves, double-side parallel
micro grooves (DPMG) and double-side orthogonal micro grooves
(DOMG). Experimental study has been proceeded to find the operation
window of injection molding of single-side micro grooves. Then the
Taguchi’s method is used as design of experiments to find the significant
injection parameters and to obtain the optimal settings for filling rate of
DPMGs. Final experiment is to implement the injection molding of thin
plate with DOMGs. Results have shown that: (1) mold temperature is
the most significant factor for filling rate of micro grooves and injection
speed is the second one; (2) side-edge flow fronts are always over the
central flow front either in DPMGs or DOMGs during short-shot
experiments; (3) the error of transferratio of groove (TRG) is only 0.28%
of experimental value compared with the calculated value by the optimal
settings of injection parameters from design of experiments of DPMGs,
and (4) the cosine value of oblique angle (y) between the direction of
flow front and micro groove can be used to justify the feasibility of filling
of micro grooves. Therefore, results of this research can be explored to
thin plate with double-side micro features, such as light guide plate (LGP)
in backlight module of liquid crystal display (LCD) panels.

Keyword: Double-side micro grooves, Micro injection molding,
V-grooves, Light guide plate.
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AEHRRD] F 2B R B P s PR = BOE T
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-

GG A PTHERMIERNE 104 0 &35 5 HRRERT o
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ForE > BEE € Tl KT 2 RART & QIR Fla + LB LR o o1

AR B 16 ) 0 AL S SR o

45 v v FH%EE [29]
1950 & ¥ v v = — (Genichi Taguchi)f L E % * & 2 & enF %K

Vo TAAE-HATARRE LAE LA BRF R HITE R

~

2o d WP EHFREE DL RERE REFROVELES T R
TR SRR AR ARREBE SR 2R, FP AP
AR Hg 2 oo poAA K ol L g R AL S F 1 42 (Quality
Engineering) » % # & W & 1980 £ A B4kt 2 afiio v 22
(Taguchi’s Method) -

S E00 SIS R A EIE ST T 3 AR VE S I KRR
FMB RS B EACE N B R A o T A At R B
3%

Fo FHmP R REZSPRAMNET R M

KR s R s A% o S R £ AEIRR 2
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Rl aEr H AR AR HBREEL O
.5 = 44 ¢ 2L B AR K ARdF g M)I} LM
CH P T HAF L AT P R B AR o
AAFT Y o BN HCER R A L AR A ARYE > TRl A Pk

Bk TR o B SN 2504 R (4-2) ¢

1& 1

(4-2)
_1Y2

S/N=-10log| —
He Vi Sil ST
PRS2
(3) F]+ eiE T
1% A% B AT AR R BT T o AP gt Bl4oR 4-3

AP o BESY TG 2 H R 7 ¢ 3 4.4 8 At o

(AEFERFFDEIAEFTHRT
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m
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A
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4
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B2 gkt hly(3NE 2 A Aok 410 & 42955 o

(G)Fo LA 47 8 b 2 15 2 5k 2

FRAIhL B FLEFDIF AT 1% SINF BRZ - B8
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b Sl f AR R MERET RS R DL R -

4.6 % B &~ $7(Analysis of Variance, ANOVA)

FRE T ASG R S AH D VTR LR ) HT
BEARZARTTITHNBEFFF o Fla g FlFFHFREL S
P i a AT F]F E S ER DA AT Qi § 0 “?.%éi’—%;%;;ﬁ;? 12
TR FF RN RFLDEL P B 3 A E TR DTS
BRI FALE FEF ki gFaa o

ANOVAL I+ #8352 2 > £ 1435k =* - 245+ Tk g
BRI gainiE 0 537023 {o(Sum of Square) & A #,
By e

(1)2%6:SS, »# 5 £ FEREEE SN chg B A E 5 & it ehSIN

Ty §IN L 2 £ T S A he gt (4-3) ¢

ss. —[I” Yiz}_w @3

_ Zp:Yiz _ (Zn:Yijz (4-4)

P s FF+ALE G vk
M3 & - k8 %=
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(RFF A d & f
f=p-1 (4-5)

(4)F1+ b 5 > 1L B[ TR HT) N AL TS o

f (4-6)

(5)#$ 1 Fies > ¥ f N3FL 13 5 - B35 S o

F = Va (4-7)

test
V

error

O)F fedPa- 115 H5F — BFFHF DB PR -

P, = 55, x100 (4-8)
T
SSA = SSA o fA ><Verror

(N % B ECH PSRy sk @A F IR EDT e &/ o

ol [FeieVe (4-9)
nef'f
n, = ! : —
1+ | total degrees of freedom associated with items|
F,. =F ratio

a =risk =1—Confidence
fe = degrees of freedom for pooled error
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AR GA
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Bl 4-4 g5 L3 Ao £ Rl 2E )

5 i % 71 (MPa)

B oA AR E

= kAR, AR B T EURE M

0 10 20 30 40 S0 60 70 S0 90 100 110 120 130 140 150 160
4+ ik & (mm/s)

170

180 190 200 210

Bl 4-5 M 5 i S 2R T
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BABE EY: e
B 0 R 5 1R A D3
BHE A 4138 £ $
AR R R
BEREER — BB A

2
D
2

33

Bl 4-6 McE 4 =25 % 4% B

% 41 FFoRFRE 4

OB I F

ki - I 3 =
NEE =160 70 80 %0
B | st (mms) 80 90 100
CstRES (MPR)| 80 % -
D | %E& 4 (MPa) 50 60 0

%\' 4-2 -? 5&':@: 2 %‘ L9(34)

EXp. A B ¢ D

1 70 80 80 50

2 70 90 90 60

3 70 100 100 70

4 380 80 90 70

5 80 90 100 50

6 80 100 80 60

8 90 90 80 70

9 90 100 90 20
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4.1-3
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SEw o ¥ - S EF R A F R
PRETM o LT B REBACER IR L AR REE S &
FE O FI R R BIMCER 2 R L AR R A#H -

5301 *ow v RN ECER A K2 B

B BAMCER Y 0§ BACER PR A B A A B

MR E Ry Z BENG) S TR A B 57 5 ¥ = BEAEH
(f3)3DE I o ™ T Bl WA E i1 SRR R s 4T o

% 54 ZEAP Ll S EBpEE HEN =5 (TRG) » #-2
w2 R AF L EF M N4-2) TR B H SN E A 55 SR e

2 SN e&-FFd £-kEHSN EH TmE™ 5 H SN 1t 4o

=4
A F]F g — R S/N WL
(37.05935+37.26289+37.52205)/3=37.28143

3

IR
A

@A Deltaid % & — F]3F cnS/N &< & P AP R J,}‘_JFAT 4y 3
gt ol o AT F okl B b > 38.4275-37.2814=1.1461 - #-H 3t R

. ﬂ ,_A,.;t)f%mgﬁ, gy ﬁ %s_m_(A) ’ 3,1‘19* (B) ’ ,5_@@ 4 (D)ZL &,T }”‘

g

(C)e £5-65 & FIF+ SINF 5% » SNF [ Bl4cHS-8457 = d gt 7 &
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(2) % B #A {7

REHEAITLESHREFIFZF DB A 7 LFhdiey
R FEAAPN A HNE B TR o A AT R 4.6
s 2. 58 AT (BOR) B 3B 40T

S; =|(37.05935)"+ ... +(38.56484)2}—é[37.05935+ ..... +38.56484]° =2.23858
1

1

SS, = 3 (37.05935 +37.26289+37.52205) + 3 ~(37.70722 +37.64252+37.87413)’

+§(38.161 12+38.55664+38.56484)’ —é(37.05935+---+38.56484)2
=1.995962
f=3-1=2
v, = 122%02 6 997081

B FF 38 Sk dod 57 851 od A7 5 0 COHRE 4 )fe D(i%

BEA)IF 2 RE SV AL FURR A SFLEA TR T

Bipd > TP R

V.- 0.008094;+ 0.0565 0016148
- 0.997981 _ 61.802
0.016148

F o REFATE SR AeA 589 F 0 d 2T F Bk ES 90

“I"_'JL\
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1.995962-2x0.016148

P, = : x100 =87.7192
2.238582
p, - 0178028 =2x0.016148 o ¢ o0,
2.238582
p _ 0064592=4x0016148 0o < 1oics
2.238582

d 0T R OECE G BB E TS

(3) SR T R &

B AERLIL B RO AR o Flp AT i Sl &

- BB EARANTHEE NIRRT NV EM RSN A
W B Sl SRR R 2 T

Yo =Y; —3Y (5-1)

Y, B Rl b2 AT EIRIE R E
Y @ ord A b T i
Y, DA SBcE S L FS 2 A iy

AT IR R E S

Yo = (38.42753 +37.98701+37.84498 + 37.92864) —3x [37'05935 s 3856484)

9
=38.73791

FIRESN 49T REHE SRR
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Ny = ) =
M 142424242

Cl = /w —0.273

AL H IR R e R B S 3846491 1 39.010915 2. FF

b Lt e v A AriEg R any SN lE.F»Zt"@m)'L%%
PN FH R AL P ERREA 2 G SN R A5
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(4) FEd %

EREE AR E LR TN FEHDANFTHREE > o 5997
T HCEH H )5 585.99% > HS/NIE % 38.689 « d pH 7§ diEmi
FHEF R R E TR - R ko d
86.23%\ fie » H X 50.28% » H B 4T o7

86.23-85.99
86.23
(5) 3
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x100% = 0.28%
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Fehbod & hFF 0 B3 Rd N FHRCEERARE P ARG {3 RGOS
Aleyids > & PR A B e E RN 0 2 e [17) #FHE T

S LEETE

5.3.2 ik $HACE N A5
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AL UEES o S L

(2)%5 3 4 = 2] 5 chs

B 5-15 5 1 8 @R BLEEAH ShiE vl ) o SEF S 5 4o o
HLEIEBERGE 0 3 RRIEE S FRELL T R S I R R FIE AL
Yo - AR e FlEE D R e o PR BE RS T 0 R E IR

SRR EEA A RIE R PR MR ) - B

“&.

SE LA RE Y B HGEH S AR e R 5-16 T o d BV
B IRMCEG A S SR e A ) F 0 B S RUE ) (my, ms) 0

AFR - o B d ME A ST GRG0 22 £ TS

R 5 2 SRR 2 SR T ARERE £ T - A
4 }2{—‘:_ s AT H A A 3: Ff@d’ ’ﬁ"’h’l f”'/fﬂ’v,(/f‘*%&‘? (PR 4'7"':’6 F’&/[%,(/i’l{%

7 ke o B 5-17 3 3 Hod 4 8 T EACE R POMR] - d BT $ T
MO e F R AT o B B AR e AR T e kT
Ao (my) 5 &) 0 B 5-18 ~ B 5-19 ~ B 5-20 4 %] 5 H s¢iF 80mm/s -
90mm/s ~ 100mm/spF 2. 3DE BBl > § STEAXF 5 > LR ARP A o o

PE R ANRA R FHET G L FSE R A RS kD 2 @i

.5 HCEH * ) ginde k3 2w 2 1k
B 5-21 ~ B] 5-22 & W] & jnde k@ 2&/&@,?11&&&?%%’
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angle between flow front and micro groove, ) > ¥ * cos yig k f%# icik
B e @iid ks e AR A E S o d AR REEF
W Fricosy @ PIETHOEN S F ALEMERZF AR o T Ak
AR efoniddn S ez Ao d L 00% Trcosy =0 Flpt A 5 CLi
A L AR A E 5 07 Trecosy=1 Flpt A h L A5 o
fe FlHcHEE 2+ 2, % (TRG)™ £ Pl A8 2 (5 RR % 35 7 TRG

T2 >frcos y EARBE ML > fRcos yinE * R HETHOE Y L B iE
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P(IvPa)

] S—

19 449

~ Packing |

Conling

209 Tisec)

B 5-1 & if i %% P-T 7+ % B

%051 fa T AR 2 b B Rl T

8 (°C Wl gR (°C BoRANE | B R
R (C) | At (C) (mm/s) (mm/s)
90 250 100 15
r‘ [‘\ [“ J Ve 4 [‘\ [‘\ J
E]L(I%/Ifa ) "5_(55 ) % JRR P FE (Sec) |4 #r pF R (Sec)
90 70 3 16
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Moldflow Analysis Injection Part(¥2 4% = % )

t=1.8965 |100% & 31.0mm |100%

t=1.824s | 85% 31.5mm | 85%

t=1.649s | 50% 32.0mm 50%

t=1.486s | 10% 32.7mm | 10%

WA 4748 5 35mm

Bl 5-2 H & T {7 Mcid ) @St B0 A 47 v R
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Moldflow Analysis

Injection Part(d% 4% i % )

t=1.983s [100% 31.0mm|100%
t=1.881s | 85% 31.5mm| 85%
é t=1.728s | 50% 32.mm | 50%
t=1.474s | 10% 32.7mm| 10%
R

WA 4> ¥ 5 35bmm

B 5-3 B T (7 E K b R A 4 R
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Moldflow Analysis

Injection Part(i% 45 % )

t=1.9965s |100% 31.0mm |100%

t=1.928s | 85% 31.5mm | 85%
L B
= t=1.759s [50% 32.0mm | 50%
! i

t=1.488s | 10% 32.7mm | 10%

R 424 8 5 35mm

B 5-4 B 5 53 ACE L crms e i A 0
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B 5-7 % = £k (F:)3DE I )

S/N Ratio

386

384 |
382 |
38 |
378 | / — ._/
376 |
374 |

37.2

37
3638 |
36.6

Al A2 A3 Bl B2 B3 C &2 G D1 D2 D3

@ 5-8 SIN & & Bl
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CE L T

—— f1

=

96.00
94.00 |
92.00 | \\
ggo.oo -
O 8800 | '\/
F86.00 |
84.00 \/
82.00
80.00
80 ely) 100
B 1¢ (mm/s)

B 5-10 B4i# $HHCE Y = 4 5 M Tx F

76




ERRRE

>

— L s ——>

S

98.00
9750 |

97.00 |

96.50

TRG(%)

96.00

95.50

95.00

M me ms ma

O &gea% 97. 40 96. 94 95. 96 96. 57

96. 04

Bl 5-12 £ prd ) & b= A5 5
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100.00
95.00
= 90.00
S -
< O+,
g 8500 o " ,i E
€=y
= 80.00
75.00
70.00
1 2 3
oA a1
Bl 5-13 T Ferd-® = v oA ) = 2 5 v iR
Mo 46 8 % Ft i
95.00
90.00
S
@ 85.00
x
|_
80.00 .
75.00
fi f2 fa
B %7 91. 12 85. 49 8217
O/ 90. 30 86, 82 85, 99

B 5-14 £ 20508 T (7 40 2 ARG $ ) %0t R
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F 95,00 e ms
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93.00

80 90 100
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Bl 5-15 At Y 22 2 S BERE R 4 S et R
EEEN e

98.00

97.00 |
S %00 | k\ / e m
S 9500 | —— m
= 94.00 ~ —— my

93.00

92.00
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s it (ms)

100

Bl 5-16 Sfik 4+ = + & B2 ¢ BHCER =) 5 v 1R
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T AR EOME AR RONE

B 5-17 <3 McE 2T 7 #cE H, OM B)(1000X)

B 5-18 57 A% (M) 5iE 80mm/sz 3DE 2| F)
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Bl 5-19 €% & 4 (ma)éfiE 90mm/sz. 3DE Bl B

B 5-20 Z- & #ciE 4 (mg) s+ 100mm/s2. 3DE 7
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N 4l Eh g (O F— B AR ¥ = bR
8 L PR
90 250 10~200(div. 10) 15
R
WRE 4 (MPa)| TR R PE Y (seC) | 4 Fr pE ¥ (seC)
(MPa)
10~240(div. 10) 70 3 16
% 5-3 & &1~ B BIEZ A5 (TRG)
1 2 3 ave. TRG(%)
1 9.70 9.54 9.82 9.69 71.28
2 10.05 9.84 9.86 9.92 72.97
3 10.07 10.40 | 10.18 10.22 75.18
4 10.36 10.51 | 10.44 10.44 76.80
5 10.34 10.41 | 10.33 10.36 76.23
6 10.77 10.52 | 10.63 10.64 78.29
7 10.95 11.01 | 11.03 11.00 80.92
8 11.41 11.75 | 11.37 11.51 84.69
9 11.52 11.64 | 11.40 11.52 84.77
Bl HeE A * 1 (Fy) 5 13.59um
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%454 %2 SIN&E
Exp. R | HE (HERES | EREA TRG(%) S/N
A B C D
1 1 1 1 1 71.28 37.05935
2 1 2 2 2 712.97 37.26289
3 1 3 3 3 75.18 37.52205
4 2 1 2 3 76.80 37.70722
5 2 2 3 1 76.23 37.64252
6 2 3 1 2 78.29 37.87413
7 3 1 3 2 80.92 38.16112
8 3 2 1 3 84.69 38.55664
9 3 3 2 1 84.77 38.56484
% 5-5 & %3 SIN K 4
R i HEBRRA | EREA
A B C D
Level 1| 37.28143 37.64257 | 37.83004 | 37.75557
Level 2| 37.74129 37.82068 | 37.84498 | 37.76604
Level 3| 38.42753 37.98701 | 37.77523 | 37.92864
Delta 1.146106 0.34444 0.069758 | 0.173066
Rank 1 2 4 3
% 56 % - LA
f SS V Feit |CONFIDENCE
A 2 1.99596 0.997981 * *
B 2 0.17803 0.089014 * *
C 2 0.00809 0.004047 * *
D 2 0.05650 0.028249 * *
ERROR 0 * *
TOTAL 8 2.23858
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457 % Fhbwy

f SS V Fet |CONFIDENCE
A 2 1.99596 | 0.997981 | 61.80 99.9%
B 2 0.17803 | 0.089014 | 551 92.99%
C POOLED
D POOLED
ERROR 4 0.06459 0.01615 |
TOTAL 8 2.23858 % ok i 909412

458 Bt it A¥cF %2 % B R % (A3B3C2D3)
1 2 3 TaiE | TRG S/N
11.63 | 11.45 | 11.98 | 11.69 | 85.99 | 38.689
B R © 4 (f3) 5 13.59um

e A |
(Lm)

85




AP R 7 VAR R R ’Tﬁ*ﬁmﬁf‘c/i%ﬁ 2k
T EMER GG L AR S 2N TR A $T s A
e PEAS G T AT

5% 0 4 B A A F PR ECK st TS o BlS R B L 8 i

N

AR A & (Y EMER L S

\\ N
“*L—g
1‘
I
=
B
=&
P
_*J
_L
—_—
—
=
2

K A e b Sl B o
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“14-D TOSHIBA EC60N-1.5Y 2> 7 ;% &)

(http://www.toshiba-machine.co.jp)

ITEM Unit EC60N
Injection Unit Code 11.5Y
Screw Diameter mm 25
_ . PS g 51
Injection Weight PE g 40
Injection Pressure MPa 245
J kg/cm? 2500
Injection speed mm/s 200
Injection speed (High speed)* mm/s 300
Plasticizing
Capacity PS kg/h 25
Clamping Force KN(tf) 585(60)
Distance Between Tie Rods
Hx\/ mm 375%360
Clamp Stroke mm 300
Open Daylight (Max) mim 670
Machine LXWxH m 3.7x1.2x1.6
Dimensions
Note:

1. Due to continuous improvement, specifications are subject to change
without notice.
2. Max. injection pressure and max. holding pressure are power of

injection unit, not resin pressure. They are limited according to molding

condition.

3. Values marked with* vary with optional High-speed injection unit.

4. 1MPa=10.2kgf/cm2, 1kN=102kgf, 1mN=0.102gf
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‘it4 F ROhm Gmbh PLEXIGLAS 8N (PMMA)

rOhm

Produes Information ; 5z Degussa-+uls Group

PLEXIGLAS® 6N Molding Compound
PLEXIGLAS® TN Molding Compound
PLEXIGLAS® 8N Molding Compound

Product Profile:
PLEOGLAS® BN, PLEXIGLAS® TN and PLEXIGLAS" BN are molding compounds based on
pohymetind methacryiate [PRMA)L

The spacial properties, of these standar PLEXIGLAS® molding compounds are:
- N'ﬂﬂ'

+ hagh mechanicat sirength, suriace hardness and abeasion resisiance

= fugh light treresmissicon

= excelerd wealher resistance

» free colorubility due 1o crysial clanty

The foliowing properties of PLEGGLAS™ N moiding compounds change wilh incrsasing grde
nlmber

= improved mechanical properties

= mcreased haat defiaction temperatura

= reduced fow

Application:
m‘mmmﬂhusumﬂmmwrmmmu
optical and bechnical items

Uses of PLEXNIGLAS® N moiding compounds: fiber optics, lighting fichre covers, sulomotive
Bighting, instrurment custer covers, optical lensss, displays, stc.

m&.WMﬂmmmmmmmmm
machings with 3-sona gervsral pumoss scTews for engnooing thermoplastics Recommandad

processing conditions:

Predrying lemperature: PLEXGGLAS® 6N max. 85 ‘C
PLEXIGLAS™ TN max. 93 °C
PLEXIGELAS® BN max 88°C

Predrying tirme in desiceant type drier 2-3h

Processing lemperstunes: mall temperaiere 220 - 260 C
cylinder lomparture 220 - 260 °C
moid temperature 60 - 90 °C

Physical Form/ Packaging:

PLEIGLAS® mokding compounds an suppiiod as paliets of uniform sirs, packaged in two-ply,

Z5 b potyetihylons bags or in 500 kg boxes with PE lining; other packaging on request

Rl o FEI-1 Sephebor 106 P 1 0l 2
P
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L L] -
Mechanical properties
Tonsde modulus {1 mmémin) MPa | ISO52T 200 3200 300
Stress ai break (5 mmiming MPa | 150527 87 73 (]
Strain ol break {5 mmimin) % | 1sos2r 3 35 55
Chamy impact strength (23°C) || e | 150178 o] 20 n
Thermal properties
Vicat softening temperatune [B/S0) [ = | 150306 6 108 108
e ransibon bmpanature ‘. |1IEC 10004 110 17
Temo. of defsction under lond (045 MPa) *C 18075 100 103
Temp. of deflochon wnder ke (1.BMPa) || *C IS0 7S a5 a8
Coall, of incar therm. expansion (05080 || 10 1" | ASTW EE31 B B 8
[Fire rating CHN 4102 B2 BZ B2
|Rheolagical properties
it volume ks, MVR (Z303.8) Ia- lmllsc-u;ai 12 1 8 3
Optical propeerties
Transmission tactor, T % | DIN 5036 a2 o« @«
Riknctrve e 150 488 1.49 148 1.49
|Other properties
Im I giem? |u~;m133’ 1.18 [ 148 ] 1.19
Page 2 ol 2 P CavoH
e o et v

& =g oot Dequssa—iuils Group
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[ff# G  F ratio Values (90% confidence) [29]

TABLE D-6 F Values

F 90% confidence'

A0y v,

Degrees of freedom for the numerator (v,)
1 2 3 4 5 6 7 8 9 10

399 485 53.6 55.8 57.2 58.2 58.9 59.4 59.9 60.2
8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39
5.54 5.46 5.39 5.34 5.31 5.28  5.27 5.25 5.24 5.23
454  4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92
406 3.78 3.62 3.52 3.45 340  3.37 3.34 3.32 3.30
3.78 3.46 3.29 3.18 3.1 3.06 3.01 2.98 2.96 2.94
3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72 2.70
3.46 3 2.92 2.81 2.73 2.67 2.62 2.59 256  2.54
3.36 3.01 2.81 2.69 2.61 255 251 2.47 2.44 2.42
10 3.28 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35 2.32
11 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 2.27 2.25
12 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21 2.19
13 3.14 2.76  2.56 243 2.35 2.28 223 2.20 2.16 2.14
14 3.10 2.73 252 2.39 2.31 2.24 2.18 2.15 2.12 2.10
3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.12 2.09 2.06
16 3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 2.06 2.03
17 3.03 2.64 2.44 231 2.22 2.15 2.10 2.06 2.03 2.00
18 3.01 2.62 242 2.29 2.20 2.13 2.08 2.04 2.00 1.98
19 2.99 2.61 2.40 2.27 2.18 2.1 2.06 2.02 1.98 1.96
20 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 1.94
22 2.95 2.56 2.35 2.22 213 2.06 2.01 1.97 1.93 1.90
24 2.93 2.54 2.33 2.19 210 - 2.04 1.98 1.94 1.91 1.88
26 2.91 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88 1.86
28 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84
30 2.88 2.49 2.28 2.14 2.05 1.98 193 188 1.85 1.82
40 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.76
50 2.81 241 2.20 2.06 1.97 1.90 1.84 1.80 1.76 1.73
60 279 239 2.18 2.04 1.95 1.87 1.82 1.77 1.74 1.71
80 2.7 2.37 215 2.02 1.92 1.85 1.79 1.75 1.71 1.68
100 | 2.76 2.36 2.14 2.00 1.91 1.83 1.78 1.73 1.70 1.66
200 | 2.73 233 211 1.97 1.88 1.80 175 1.70 1.66 1.63
500 | 2.72 231 210 1.96 1.86 179  1.73 1.68 1.64 1.61
oa 2.7 230 2.08 1.94 1.85 1.77  1.72 1.67 1.63 1.60

00D =1 O s QO b=

Degrees of freedom for the denominator (v,)
&
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