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(Development of Polyner Composite Materials)

Development of Composite Adhesion

Technology for Aircrafts
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SUMMARY

High temperature (250°F) curable adhesive formulation containing
liquid epoxy resin, novolac modified solid spoxy resin, bisphenol-A,

CTBN liquid polymer and thermal latent hardner has been developed.

Typical adhesive properties such as T-peel and Lap-shear adhesion

strengthes weve measured,

Results showed that the amount of the novolac modified soild epoxy
resin play the main role on the improvement of Lap-shear adhesion

strength at 180°F.

In order to improve the significant adhesion strength in the
temperature range of -70°F and 180°F, the adequate amount of novolac
modified solid resin should be about 13wt% and that of bisphenol-A be
about 22wt% the above formulation has an excellent processibility for

film production due to its liquid characteristics with no volatile

organic compound.

[t is recommended that the film production process the contineous

impngnation at 140°F followed by the drying process at 250°F for 8.5

minutes.
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FZEE HAA TR nF A FALS Mil-A-254637 MMA-A-1325

E £ r}. Mil-A-25463-2 Honeycomb Structure?] A|F o] AL ¥+ FHEA=

oX

A 3] MMA-A-132F Metal-to-Metal -39 Ao AR H = HHAAE

=
T

Ao

o
=
e

Ao BEY FAA MMA-A-1329] 4= che Tt Pol YFAE

Type 1 . -67~180°F, 192 hrs

Type I : -67~300°F, 192 hrs

Type Il : -67~300°F, 192 hrs

300~ 500°F, 10 hrs

Type IV : -67~500°F, 192 hrs
Class 1 : High T-Peeli} Blister A|§
Class 2 : Standard T-Peel3} Blisteri|d
Class 3 : Not-Necessary T-Peel

]
F ! Film
P : Liquid ¥ = Paste




Group 1 : 733 L% 100°F ujut

Group 2 : 733X 100~ 2000°F
Group 3 : 7332% 200~300°F
Group 4 : 73325 300°F o]4t

A7 AgstnA st 250F 43HE HALYFLS Type 1, Class 2,

F, Group 39 3g3tct. 38, 728 HEBAS TF7] AZHAY AA
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McDonnel Douglas Corporation& 250°F 7Z23}8 HAWUEo rtfdte AA

HZ 0 2 DMS 2169DE AA|st=ul I U L£-E ofdio] A sct. !

@ =7
Type 1 Enviromental Resistant Adhesive Primer
Type 2 0. 060 pound per square foot
Type 3 0. 045 pound per square foot
Type 4 0. 030 pound per square foot
Type 5 Core Stabilizer(Typed4, Grade C)
Type 6 Electrial grade(Type 2)
Class 1 : <k X ZA
Class 2 : $F&Z: o9 A AN
Grade A : Non Woven Carrier
Grade B : Woren Carrier
Grade C : No Carrier

@ Shrinkage of Adhesive Films : Maximum 1%



@) Percent of Flow

Type Percent
2 200~ 1300
3 200~ 1000
4 200~ 1000
O 200~ 1300

@) Metal-to-Metal Bonds

Metal-to—-Metal Strength Reguircments

( ! Temperature Strength
| Test '
| | (°F) Type 2, 3 Type 4
| 77 + &5 5,000 psi min, 5,000 psi
| Lap - ‘ ' —
| Shear 180 + 5 3,500 psi min. | 3, 500 psi
| . ~— ]
-70 4+ 5 | 5,000 psi min. | 5, 000 psi
- ]
77 + 5 20 1bs/inch min. 15 1bs/inch
T-Peel 180 + 5 15 1bs/inch min. | 15 1bs/inch |
J ]
-70 + 5 12 1bs/inch min. | 10 1bs/inch
L | J




Lap-Shear Strength Requirements After Enviromental Conditioning

Environment Conditioning Shear Strength
Time Type 2, 3
Humidity 60 Days 4 000 psi
Salt Spray 30 Days 4 000 psi
Water 60 Days 4 000 psi
_— i .
DMS 2014, Type 4 30 Days 4 000 psi
MIL-H-3136, 100 Days 4 000 psi
Type 2 4, 000 psi
JP - 4 100 Days 4 000 psi
MIL-H-5606 100 Days 4 000 psi

. . S — L — e .




Lap-Shear Cyclic and Sustained Load Requirements

During Environmental Exposure

sl ki il

Test

Requirements(Type 2, 3)

Sustained Load
Shear Stress

720 hours(1500 psi) min.

Cyclic Shear
Stress(Dynamic)

1000 Cycles(1500 psi) min.nt

(3) Shelf Life

120 Days
90 Days

Stored at O°F Maximum
Stored at 50°F Maximum

® Qualified Films

DMS Class Code Trade Name
[ Type 1 2169-1 BR 127
EC 3960
I Type 2, 2169-2-1A FM73MO60
Class 1, FA9628NW060
Grade A AF163-2M060
| Type 2, 2169-2-1B AF163-2K060
Class 1, FM73K060
Grade B FM73K060
Type 2, 2169-2-2A FM73M060
Class 2, FA96285T060
| Grade A AF163-2-0ST
060

e

Manufacture

American Cyanamid
Minn. Mining & Mfg. Co.

{ American Cyanamid

| Hysol Div, of Dexter Corp.
Minn. Mining & Mfg. Co.

Minn/Mining & Mfg. Co.
American Cyanamid
American Cyanamid

American Cyanamid
Hysol Div, of Dexter Corp.
Minn. Mining & Mfg. Co.
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Aulz o 7 250°Fof|A] Lap-Shear Strength7} 100 psi o]Ate] EXA o] Q=
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Az 8 A} ¥ F A
Hysol EA 9601, EA 9602.3, EA 9628
American Cyanamide FM24, FM53, FM73, FM123, FM137
Narm Co. Meltobond 117, M 1113, M 1133,

M 1137, M 1204
Mc Cann Adhesives MA 229, MA 429, MA 456
BF Goodrich Plastilock 717B
Ciba-Gelgy Reliabound R 382, R 383, R 7114
3M Company AF 126, AF 126-2

Hexcel Corporation HP 347

A= FHFIUESF B dF9 NUYEHESQ DMS-2169D2] Type2,

Class 1, Grade A2] QA= A F Q) FM73M-0603} EA9628NW-0602] Catalogueit <]



ok = FM73M-060 EASGZ28NW-060
A Z 3] Ab American Cyanamid Hysol Div. of Dexer Corp.
Carrier | Random Polyester Mat. Non-Woven Nylon Mat.
RS 1
Weight | Q. 060 pst 0. 060 psft
Shelf Life 6 months at 40°F

10 Days at 75°F 20 Days at 77°F

T

Metal-to- Lap-Shear(With BR 127) | (Phosphoric Acid Anodizing)
Metal 75°F : 6310 psi | 5800 psi
180°F : 3760 psi -
J -67°F : 5800 psi l 5500 psi

AF71e] A A 3E (FM73M-060 L EA9628NW-060) o] tldle] 3= =29  T-Peel
Adhesion Strength @ Lap-Shear Adhesion Strengths thAr3-7Z3 <l DMS 2169D2]
Proceduredl] 2] Asleo] AWM EFE S5 o] ZFE Table 1 o] LIEFUY QAT
T-Peel Adhesion Strengthy AH K244 xRt YEIFLE(SE 20004 F),
Lap-Shear Adhesion Strength?] 7Z3Fol= HLBFZd Hldtyg oF 7549 =&

JEg-e @ 4 it
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Dol Hed W ZHo2 Astel ofnl AARTE EAFel = WHoiue ©
e F2 AR AT IEHA AYF Fejolvlozs EFE2F¢otwl, N-
(1,3-Dihydroxy-2-Propyl)Morpholines, Oxydimethylenebis (Tetrahydrofurfu-
ryl)amine, Aminoglyoxalidenes, 4,4-Diaminocyclohexylmethane & & U
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TEE ohe AE oA vt Hwgol ¥, VY LEs} ¥
oul, B3 AHANEL FE S4ol ol NG YA Azl 4B
AJutA o g flo] Al xl= 710 g MDA(Methylene Dianiline), MPDA(Meta
-Phenylene Diamine), DDS(Diamino Diphenyl Sulfone) o] Qc}. 83FE o}
N GEF T st WFo] FAHAL AEFA st ¥rFo|BAHE F

ol glon], d¥id 2%7} 140C oS #Xsleg LFzEL HAA

Dicyandiamide= A AMNA ZHAIA =X & i Rolx= ZI3 Ao}, DICY
< FZol A= Epoxy Resino XX grow, ¢ 140°C o]eoAM modA wkg

de UERR AR of kA I wgslAe BAs gelA A @t DICYS
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1-B-@ AT5E

Nadic Anhydride(Bicydo[2, 2, 1]hept-5-ene-2,3-dicarboxylic anhydride)
Nadic Methyl Anhydride, Hexahydrophthalic Anhydride-& Cycloaliphatic
Anhydride§& 7} o] o] &=, A AAdo] 0o (150~200ColAr] 8~16A]7t
o Zszz), el oo, dUYLEs} w1 USR] $4sche 3
o] o], Filament Winding Sof dg] &olct. 8]y Toughness?} X3}

o HHA §EZE A9 A4&HA Feoh.

Sol&d MAIAZMN = 43 ot%l, & Triethylamine, Imidazole H X A,
Tris(Dimethylaminomethyl) Phenol, Benzyl Dimethyl Amine F o] H X733 A (
=&  Accelerator)®2® g 22Qlct., <ol JAJAREE BF3 2 Amine

Complex?Q] BF 3 -Monomethyl Amineo] 2] Zo|L} &7]e] 9% ¥Alo] A} s}l

Dol o) ® A7 ZHo| HYsA T,
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@D 733} A] Volume Shrinkage’} Z}o}A] Internal Stress’} QiT}.
@ M7} YolA Wettingo] I HEAA] & 4Yo] a7HA g=Th.

@ 7% 3}A] Volatile Compound7} WA E 2] ggowva FYUg Fxo A
AF-& 7}5 skt
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2 HJEAAZ ARV £& 733 A 2= Polyamined}t Dicyandiamide&
Qr}. Polyamineol|A] ¥3] Polyoxypropylenediamine® Flexibility Y
Adhesion Strength7} Folr AF&A3E HEAA Alzxzd dg 22t}

Versamid® T} 5= Polyamidoamine® Flexibility % Toughness7} = o}A]
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Bisphenol-A +x| & DICYA ZHAE ol §8ted AB}ANAZ ST B2 7}
Brittle 8| X] 2= 2 Non-Crosslinked High Molecular Weight Polymer& & A|HA
Two-Phase MorphologyE S A A7 2 2% Shear Strength®] 3} glo] Toughness

tol BHEe Z74AZ Qarst Ack. o @A o F

op

g F7HA7IE 7leg o
Al AE HAAARZLD & Y= EIZA == Soluble Nylon, Nitrile Rubber & ©]
A TF. Soluble Nylon& Du PontAl2] Zytel 6124 i H =™, Amide Group2]
I A7} Bisphenel-AZA] o] ZA] 29 o ZA 71579 4HI-& 3o ToughnessE
2ol 3 A 5 0], Lap-Shear W&ol $481 e me (2 50C ZH) oA
T-Peelo] $48tch 22t} 8 580 AN 728 YHAEE de| 2o
23k, gulA o2 Nitrile Rubber: Carboxyl 7|5 7|8 <kodo] xel s

CTBN (Carboxyl-Terminated Butadiene Acrylonitrile)e 2 tjH X v 6 Liquid
Rubber @ Solid Rubber?} ©o]8 7}353ttt. &3] Solid Rubbert Bimodal
Particle-Size Distribution® X387 YW A AlR=r}., Liquid RubberE
Bisphenol-A7| Liquid Resin (DEGBA)&} Bisphenol-A ZE¢A o] HL3H 0.5m
9 1m =7]2] Bimodal Particle-Size Distributiono] B A E]w] o]2]3}F Mor-
phologyZ} & Al 9] Toughness® Fuh3} Al7]A A}k, 72L& HIA L5
NejA AFe] CTBNo] ERlE 739 Fracture Energyy™ Virgin o] Ao u] 3} o
10~304] 7} Z7lstAl . CTBNE A 7}eko] dkelaA] X 7)ol Fracture
Energy7l 78] Z AL, 17wtk HuiH ol olZF A 7AsA

frl. oY ZastE 9 Morphologye] Mol 7lAects LA Uch.

— 13__*



| | ' ] 1
DGEBA(Parts) 100 | 100 100 100 100

CTBN(Parts) 0 5 10
Fracture 0.2 ‘ 2.6 l 3.3

| Energy(KJ]/m*)
Impact 5.7 7.9 7.7 7.7
Strengthz(]) ‘ l
Heat 80 76 74
Distortion I i

_Temp. (:C) B | _ __I

Z Elastomer Dispersion¢] Two Phase¢|A] Blend® H}¥ = A]A o] 15
~20wt%h o] AT o o]dtc}l. Plastic Deformationo] 7}F%3F Rubber
Particleo] £33t (Cavity 5% UC}), Shear Deformationgs HF AT F
Aol Micro-crack®] WAL A A =] ToughnessE Ho3FA = =4, Two
PhaseZ7} - X H X] E&A] = H Toughness?} ZF4AstA] =lth., Bulk o EA] 4]
°] Fracture Energy®t= ©e] HaA e HIAHELS HEAFA © L£xo aA <

e Wt

O | e

) l
|-m:I‘h:h:krvuess '\ Temperature(°C) Fracture Energy
(4m) | (KJ/m*)
130 22 | 2. 07
80 0. 89
380 22 2. 79

80 I 1.54




CTBN HAl o ZA] ZH A A= Bisphenol-AE =UA|Z] o] ual}A| Fracture
EnergyE S 7VA|Z4A 4 rtr}. o] Rubber Domain®] Particle-Size?} Bimodal

Distribution® 8 A H A Synergy &3S Rol7] l 2ol &aEAy ol

BPAS] Tk Fracture Energy ] Gardner Impact

(PHR) (K]/m*) (J)
0 21 9
6 21 6
12 33 7
24 86 32
36 37 7
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YD-128 : Liquid Epoxy Resin, =% 3}3-4¥& 6 EEW=-180~190

YD-211D : Novolac Modified Epoxy Resin, =X 3}38+A & EEW-500—~575
BPA . Bisphenol-A

CTBN . Table 1. ZF

m-DICY : Modified Dicyandiamide

DICY . Dicyandiamide
TPP : Triphenyl Phosphine
2-B. )%_] @ H-:::]"ﬂ

2-B-(1) HY-505 v} ¥ A| ==& (Table 2)
1¢ 822 Jacket¥ E] Reaction Kettleol YD-128L 325g, YD-211DE 50g,
2|3l BPAE 125g Yok, W& E &% & 120C A 3AA Homogeneousd) A

o 7hx] EIIICE. o]FA AxHE TFEL Ao WZE)o]l% Homogeneous

f

Viscous Loquid el & x| 3t}

TWANF ALow YA



2-B-@ HY-705 v & A X (Table 3)

500mf 82 9] fg|®Wo HY-5058 121g Y11, Microwave Ovenoll A 7} g 3}
AT E 1000cps 5078 v&rl, o 7jo] TPP 0.3g m-DICY 2.1g, 18] DICY

2 0.9g& A7}t Homo MixerE rpm 7000 £&E 08 dto EFSIcE. oju &

2-B-® HY-515 w3+ A| X (Table 4)

1g 82&2] Jacket¥ E] Reaction Kettlto]| YD-128-& 300g, YD-211D-E 65g,
T 2]3 BPAE 100g Yt UY&E LT E 120C A 8HA Homogeneous 38| A
duj7x] EgFch. olPA Az EFELS F22oE YZ5olx Homogeneous
A71el Al ZEo| CTBN 1300X8EL Wi, W

Vicicous Liquid X el & A St

C}
|E2%5 90°ColA 2A]7F T TUIAIZIF ALog PZA]FIc),

2-B-@ HY-715 ¥ Al Z (Table 3)

500m¢ R-Z 2] [e|®Wol| HY-5055 121g YW Il, Microwave Ovenoll A 7} 8} o

HXE 1000cps S50 8 vFrh. o 7)o TPP 0.3g m-DICY 2.1g, 2|11 DICY

U

E 0.9g& A 7}3l3 Homo MixerS rpm 7000 &F 02 3o ZEJSicl. ojufj &

=7 60°C ol AodlA g FEct.

il



2-B-®@ F&H BF AX

25.4mmX 150mm =37]2] Polyester Spun-bonded, Non-Woven ((F)i 2 %2

2-B-6) T-Peel HZF&E &3

Z 25.4mm, Z o] 125mm, F7] 0.8mme] Aluminum Sheet(A & 1100) F 7 A}o]

of £ 25.4mm, Z o] 85mm A7) A|XxH HAIYEZ 71EF Molding PressE 9]
£ 120°C, 40psiZ 1A[F FQ ZA3A|Zch, AZxH AJHLE TA EE¢o®2 HE
2 Instron 4204 Model-& ©¢]8 Chamber &% -70°F, 77°F, 180°Fol| A Cross-
Head Speed 500mm/min®] &% 2 v 7] A] Displacementd] WS LoadE &H §Hri
2t} LoadE ALt HF LoadE F3t9 IS 2 £x A9 T-Peel Adhe-

sion StrengthZ ¥t} AYA|W @ ZYTHL Fig 1,20 LERHATH,

2-B-(0 Lab-Shear H ¥ FH

= 25.4mm, Zl o] 50mm, F7] 1.6mme] Aluminum Sheet(z| A 2024-T3) F A&
Hol 12.7mm7t HXEF s, 2 Atole Alx"H HHFYEFEL 71+ F Molding
Process& o8 120°C, 40psi® 1A|ZFEQF 733A]7ith.  lnstron 4204 ModelS
°| &3] Load FT7t&o] £Y 600LbsZ 3t HrAle] Ht) Load® Z# $tct.
°l™, Chamberg o] &sle] -70°F, 77°F, 180FolA ZA&ct. AYPAA @ &

TESE Fig 3,49 UeElU Q.



3-A. 24U E A7AR

22t A Ao A= AHEFYES Matrix Resint4-& YD-128 Epoxy Resini}
Bisphenol-AZ 3} =Z B 7FA|E CTBN 1300X 8 Grade® &= A & uf g
(GY-659 Series)e] &L =z A}, (Table 5,6,7) (Fig. 5,6)
HY-659-1 i ¢re] 73 $o] Lap-Shear Adhesion Strength W T-Peel
Adhesion Strength7} AWt o2 = HFAAFI v wste FFolido|r].
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7] M E AT 9l AL T-Peel W *-& Lap-Shearo] 1] 3}

Taguchi Methodol| &3t A& AAFFCH(Fig 11,12).

A& T-Peelol %L ulx]= Parameter: BPAS] A}£2F @ 3}7} CTBNEO
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ul2t A, 312 Lap-ShearE F7IA|7]7] 918t BPA AR HF & FaAlH
734 A& T-Peelo] FFE H3A ota HFAHo] ZHad +3H7E AT

|7]+= ZABCl= Matrix Resin®]
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abebA BPAS] AlE TS YWHOT Za
Cross-Linking DensityE FE7[A| 7] WWH o224 Muti-Functional Epoxy

Resing F7tste 1 FFE At A AT

3-C. HY-700 A< w3

HY-659-1 R}l th 3} Novolac Modified Epoxy Resin®l YD-211DE&
2] 7} 3} H A} Morphologye] W3t @ TgE Z A3l (Table 8) (Fig. 15,

16,17,18,19). HY-659-1 Tg7} 64°Co| L} HY-705= Tg7F 78°C 12|t
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Table 1. Characteristics of CTBN

| D128
T H] wth) | 53.72

YD-128 , Epoxy Resin, EEW:184-190, Viscosity:12, 000 cps

YD-211D . Novolac modified Epoxy Resin, EEW=500-5735

CTBN-1300-8 ; Carboxvl-terminated-butadiene-acrylonitrile
copolymer, Viscosity;13 500 cps, Tg;-52 C

Table 2, HY-H0H #j ¢



Table 3. HY-705 % HY-T15 3}

_r

YD-128 | YD-211D CTBN
TR 1] (wth) 49.59 | 10.74 | 18.18 17. 36

YD-128 . Epoxv Resin, EEW:184-190, Viscosity:12, 000 cps

YD-211D . Novolac modified Epoxy Resin, EEW=500-575

CTBN-1300-8 ; Carboxyl-terminated-butadiene-acrylonitrile
copolymer, Viscosity;13, 500 cps, Tg;-52 C

Table 4, HY-H1h Hf 8t



YD-128 CTBN
650
16592 7
17659-3] 50 3
116534 50 %

Table 5. HY-659 W} %

Pkl

0T

(650-]
3 34 35

HY69-

17659-4
TN
30

EAY028

T-Peel Adhesion Strength(Lbs/inch

Table 6, HY-659 Wi el 9 T-Peel A &%

5

“‘H"f



70 F | 71 F [ 180 F
Y659-1| 5200 | 4000 | 2400

HY659-2 | 4000 2400
Y659-3 | 5700 2400
HY659-4 | 5100 2600
FM73M 3900 2300

EA9628 | 4300 | 4200 | 2400

Lap-Shear Adhesion Strength (Lbs/sq. in)

Table 7. HY-639 v} 2 o Lap-Shear 4 44

l Matrix Rubber |Hardner
YD-128 | YD-211D CTBN

HY659-1] 75
5 10

:
HY715 | 60 | 13 | 22 | 21 | 3.3

[ Tg(C) [Rubber Size (um
1 ,

HY659-1] 64 | 0.6, K
HY705 75 | 0.7, 1.8
8

1) YD-211D ; Novolac Modified Epoxy Resin, EEW;500-575,
softening point;85-95 C



T-Peel Adhesion Strength (Lbs/inch)

Table 9, HY-T00 A4 459 T-Peel H 3

| -T0F JT7FJI80F

3300 | 3000

2900

5200 | 4000
370

3900 0 | 2300
4300 2400

Lap-Shear Adhesion Strength (Lbs/sq. in)

Table 10, HY-100 A% # &9 Lap-Shear 23



Figure 1, T-Peel 244 A3
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Experimental Design (L4 OA)

Column M. T-Peel (Low Temp. ) Remarks|
B _C - Ist 2nd Average
1 1 41.0 27.0 34. 0] 659-3
2 2 47.0 43.0 15. 0 639-1
! 2 34.0 30.0 32.0] 659-4
2 1 58.0 46. 0 52.0f 639-2
Al: CTBN=21
AD: CTBN=23
Bl: BPA=20
B2: BPA=25
Iwo-Way Layout
. Bl |
B2 |
| Total
Bl [,681.0 729. 0 1,156, 0 900. 0
B2 2,209.0 I, 849, 0 3,364.0 2, 116. 0
Total 6. 468. 0 7.536.0 14, 004. 0
SSt= 719,35
SSa= 12,3
SSb= 480. 5
AlB1+AZB2= 172. 0
AlB2+A2Bl= 154, ¢
$Sab= 10. 3
SSe= 186. 0
Two-Way ANOVA
Sourc t e v  denc
| Source 5§ v - F___ {Confidence
A 12. 5 1 12.5 0.2691F0. 1, 1, 4= 4. 540
| B 480. 5 1 180. 5 10. 333]F0. 03, 1, 4= 7. 710
Az B 40. 5 ! 40. 3 0.871[F0.01,1,4=  21.200
e 186. 0 3 16.3
[_‘Totalr 719.5 T ____"" ’
Tioure 11 HV-RAQ dll Stol A O Z—{?—T-P }X,ﬂEﬂQ] 00 HA
J.J.bux,u AdV 10a VUV H H TR } P i E‘e— i “ﬁ 1 AL ! v{T_-F!



Experimental Design (L4 OA)

Column_ﬁéi:_ - Lap-Shear (Low-Temp)  [Remarks
B C ist 2nd Average
R 1 | 5,800 5.600 3, 700
) ) 5, 100 5,300 3,200
1 2 4, 800 5,400 5,100
2 1 3, 600 3,400 4,000
Al: CTBN=21
AZ: CTBN=23
Bl: BPA=20
B2: BPA=25
Two-Way Layout
[ ] Al Al A2 A2 | Total
BI 3, 800 5, 600 4, 800 5, 400 21, 600
B2 | 5, 100 3, 300 3, 600 4,400 18,400
Total | 21, 800y 18,200 40, 000
AL Al A2 A2 Total
B1 33, 640, 000 31, 360, 000]23, D40, 000 29, 160, 000{ 117, 200, 000
B2 26, 010, 000 28, 090, 000] 12, 960, 000 19, 360, 000| 86, 420, 000
Total ) 119, 100, 000 84,520,000'203,620,000
SSt= 3, 620, 000
$Sa= 1,620,000
SSb= 1, 280, 000
A1B1+A2B2= 19, 400
Al1B2+A2B1= 20, 600
$Sab-= 180, 000
Sye= 540, 000
Two-Way ANOVA
Sogrég__ 5SS v .”Li,;-'_f'_ﬁ - ]Confidence
A 1, 620, 000 1 1. 620, 000 12. 000|F0. 1, 1, 4= 1. 540
B 1, 280, 000 1 1. 280, 000 9. 481|F0.05, 1, 4= 7.710
A+B 180, 000 1 180, 000 1.333|F0.01, 1, 4= 21.200
e 540, 000 ! 135, 000 |
[ Total 3, 620, 000 [ |

Figure 12, HY-653 Wl 4 ¢ A2 lap-Shear §2E Y 90 £4
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