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NOTICE

This report was prepared as an account of
. Government-sponsored work. Neither the United _
States, nor the National Aeronautics and Space
Administration (NASA), nor any person action on
behalf of NASA

a.

Makes warranty or representation, ex-
pressed or implied, with respect to the
accuracy, completeness, or usefulness

of the information contained in this report,
or that the use of any mformation, appa-
ratus, method, or process disclosed mn
this report may not infringe privately
owned rights, or

Agsumes any liabilities with resgpect to
the use of, or for damages resulting from
the use of any wnformation, apparatus,
method, or procegs disclosed mn this re-
port.

As used above, ''person acting on behalf of
NASA" mcludes any employee or contractor of
NASA, or employee of such contractor, to the ex-
tent that such employee or contractor of NASA, or
employee of such contractor prepares, dissemzi-
nates, or provides access to any information pur-
suant to his employment with such contractor.

Requests for copies of this report should be
referred to

NATTONAL AERONAUTICS & SPACE ADMINISTRATION/
SCIENTIFIC AND TECHNICAL FACILITY

POST OFFICE BOX 33 -

COLLEGE PARK, MARYLAND 20740 .



NOTICE TO USERS

Porfions of this document have been judged by the NTIS to
be of poor reproduction quality and not fully legible. However,
in an effort fo make as much nformation as possible available
to the public, the NTIS sells this document with"the understand-
ing that If the user 1s not satisfied, the document may be re-
furned for refund.

If you return this document, please include this notice to-
gether with the 1BM order card (label) to
National Technical Information Service
U 3. Department of Commerce
Attn  952.12
Springfield, Virgima 22151



Table 1A - Column Designation for Raw Data Listing

Column Designation
1. Group No. 1-8
Rep. 0, 1
Plaque Seq. 1-6
z. Furnace Temp. °F
3. Belt Speed, in./min.
4, Pewpoint, °F
3. Atmosphere amount
6. Plaque spacing, inches
7. 1st Water Zone Temp , °F
8. 2nd Water Zone Temp., °F
9. Plaque Seq. (Column 1, 3rd item)
10. 11t. of 2 sq. in. Plaque, g
11, Thicknes;, in.
12. Void, cu.imn./sq.in.
13, Strength, 1lbsfsq in. of thickness


http:cu.in./sq.in

Table 1B - Listing of Raw Data - Plague Study
101 1621 e 28+ 390, 0.1 T2 FZ2s 1l 10617 (00287 0Ve0212 44]1.86
101 1621, b 28« 390s Del 12. F2¢ 1l 1,659 (063275 Q002128 431441
101 1621, e 28 390, 0.1 T2 Er e 1. 1:688 0402%% 040235 al6snu9
101 1621. &« 2B+ 390, D¢l T2s F2. 1o 1713 (e023]1 00232 398.55
101 1621, e 28s 390, 0.1 T2 G2¢ 1 14658 040287 000229 423,40
10}l 1621. 6 28« 390, Del T2 F2¢ le 14627 040293 2.0234 361.18
101 1621. G 28 390a 0&1 72- Er l- 1+ 704 040298 00242 G)5439
101 1521, 6s 28Bs 390 Oel T2 S2¢ le 14701 002237 040229 43974
101 1621. 6a 28« 390. 0s} T2 S2s i 1,729 0402858 D40227 385419
102 1523, Ge 284 400, Ol T3 S22 2 14664 $e3305 Ue0248 3562481
102 1623, 6s 2Be 4004 0.1 T3 G2. 2Z¢ 14688 (063330 Je02h2 587433
102 15232, Sa 28s 400, 0al T3 G2¢ 2 1.728 (Ge0307 ©Ced248 381457
102 1623, G 284 400« QOel T3 -y 2e 14753 Oed232 Ded2Z22 43099
102 15623, be 2Bs 400 0«1 T3 T2 2a le$59 (el200 03233 549.19
102 15623, 6s 284 400e Oel T3, 92. 2« 14709 040255 0.0226 415.51
102 15623, Ga 28« 400 Cel T3 Tl 2. leST5 0a3289% 060228 41551
lo2 1623, 6o 28« 400 Oel T3 F2e¢ 2¢ 1eT713 00301 040242 37265.
102 1623, 6« 2Be¢ 4030, Oel T3 G2+ 2 le723 040298 0602329 342403
183 15625, Y] 27Te G430 Qel T3 Q2 3 1.673 0«03308 De0249 36Getts
103 1525, 6s 27¢ 400« 0.1 T3 G2s 3Se Le6T8 040334 Ga0255 377437
103 15625, 6 274 400, Cal T3, $2s 3a Le6598 (40318 00280 333,75
103 1525, 6s 274 400s Cel T3, G2« 3e l1aT42 0Qo0304 00246 01472
103 1525, 6 2T7¢ 400. 001 T3, 92 3. 1677 002397 020239 420.38
103 1625, &e 2T« 400 Ol T3 G2+ 3. 1e8664 040295 J.0238 387.82
103 1525, . X) 27 4500, Qel T3 G2» 3a le728 Oed2%5 CeD237 585420
103 1625, 6e 274 400« Os1 T3, S2¢ 3. 14754 040325 060246 300644
103 1625, 6z 27+ 400, Oal T2. $2s 3 14783 DW0307 Da0246 405,84
104 1535, He 264 400, Cel T2 G2« b, 1:4639 00222 00264 400400
104 1635, 6 26+ 400, Oel T2 220 4 Le720 040301 00242 409,76
104 1535, 6Gea 26¢ 420 Q.1 T2 F2e 4 14792 040295 C£.0234 349.04
104 1535, O 26 400, Oel TZ2e S2a &8 l1e754% 00297 Da.0237 G33463
104 1535, 6 264 400 Tl T2 D2« 4e 14715 040295 Q.02356 387482
104 1635, 6 26« 400, 0.1 T2 222 4s 14669 040294 00237 37745
104 1435, O 26 400, Oel T2 32 ba 1:683 0403023 0«0245 367e51
104 1535, 6s 26¢ 400 Oas1 T2 F2s 4 1703 063338 040258 391.35
104 1635, e 26¢ 400 Oel T2» G2s ha 1le725 0e0293 040239 430472
105 1540, &e 254 400a Cel T2 S35 S 165675 040308 00249 390448
105 1640, 6a 25« 400. Cel 12« 93. 5. 1.707 0e02938 060239 418436
105 1640, 6« 25+ 400, 001 T2 XTI TY 1,701 04032 De0249 393493
105 1640, S5e 25« 400, 0«1 T2 93¢ Se 14788 00331 0402403 459443
105 1649, Ge 25« 400, Os1 T2 F3¢« S 1712 00282 042223 35J09.28
108 1640, 6e 254 400, 0.l T2« S2s S5e 1e714 040322 040243 394472
105 1640, S« 25+ 400, Qel - 72+« 23« S 1.690 040295 00238 393.0%
105 1640, 6+ 25« 400 Cel T2 93« 5¢ 1697 00255 040237 400475
105 1640, e 25¢ 400 Ol T2 G$3s BSe 1,718 0Qas0313 040255 351447
106 1635, &e 25+ 400G, Cel 72 Tha Ha 148672 040306 D.0249 548,42
105 1635 6e 25+ 400, Cel T2+ Fhe He 1e713 00315 0e0257 350452
108 1435, 6e¢ 25¢ 400 Cel T2e Fhe Ha 1709 060323 Q40204 301.93
108 16135, &s 25. 400, Osl T2 The b 1689 04,0322 0402564 217.01
106 1635 Bs 25« 400. 0.1 T2 Sus  BHe 14729 0403858 0402486 2544322
106 15635, 6s 25+ 400 0.1 T2 S4%as ge 1e759 0a0314 040254 252443
111 1623- 6‘ 30! 400. 0 1 750 Eliy 10 1.678 0!0308 0-0250 367053
111 1623, 6e¢ 304 400, Osl T8 B4y 1a 14657 040307 040250 370403
11} 1623, 6 30s 400, 0ol 78 Sh4e  le 14635 040300 0.02484 362.59
113 1623, - 30, 4004 Q.1 78« B4 le 14642 0.02%5 L0240 398604
111 1623, 6e 30s 400. Osl T8 BEhae ls 1644 040273 0.0222 495.81
111 1623, 6¢ 30, 400 Ol T8 Bhe le 14668 040304 060247 401,72
111 123, ¢ 30+ 4500. 0.1 78 S4e le l.5656 0.0293 0Q.0241 357.328
113 1623, 6« 30. 400. 0.1 T8 Sha  le 14641 0602886 040230 481438
111 15623, 6 30. 400, 021 78+ 2he 1 le664 040302 040245 357.71
112 1618, te 2%9¢ 430 Os1 7% S5a 2 le724 040292 060232 475.230
112 1618, 6e 2%s 4004 Oel 79 85s 2¢ 145561 (060253 Q0242 427485
112 1618, 6s 2%« 5400. Oul 79 B5¢ 2+ 146246 040298 0.0242 332472



112
112
112
112
112
112
113
112
113
1132
113
113
113
113
113
1la
114
lls
114
114
114
114
lis
li4
1is
115
115
1i5
115
11s
115
115
115
116
11s
116
118
116
115
116
116
ils
201
201
201
201
201
201
201
201
201
202
202
292
222
232
252
202
202
202
203
203
203

1618,
1618,
1618,
1618
1618,
1618
161 4.
1614
16} 4.
1614
1814,
1614,
1614,
1614,
1614
1612.
15612,
1612,
1612,
1512,
1612
16124
16120
1612,
1610,
1510,
1510,
1610,
1610,
1510,
15810,
1610,
1610,
15124
15612.
1612,
is12.
1612.
1612
1612,
1612
1612,
1860,
18604
1860,
1860
1860.
1840,
1860,
18604
1860,
1860,
185604
1860,
1860
1850,
1860,
186G,
1860,
1860.
1859,
1859,
1859,

12,

29
2%
29,
29.
2%
29
2B
28
284
28
28
284
28
28
28
27
27,
27
27
27,
27,
27.
27+
2T
27
27.
274
27«
27,

27,
27

25,

25.
254
50.

50
54
54,
Sha
She
S54e
544
544
She
S4a
53
53
534

400
400
400
400
400«
400
400,
400.
400
400G
400'
400,
400
400,
400,
400
400.
4000
400.
4004
400
400
4004
GC 0
400«
430,
400,
400,
400.
500G
430.
400,
400,
400
400
400,
4500,
400
400,
400
430
400
B30
230,
BOO.
800,
80C.
8J30.
800
8004
800,
830,
830«
820,
8O0
BAO.
800,
800
800,
B30
BOO,
8OO0
800,

Del
0l
Del
0.1
Cal
Oal
Cal
O.1
Ol
0s1
Jel
Ol
Cel
Gel
Jel
Qel
Oel
Oel
0.1
Cel
0s1
Jel
0el
01
Cel
Je1
Jel
Q.1
0ol
0.1
Ja1
Del
Jel
Osl
Je1
Qe
Ol
0.1
Oel
Cel
Cel
Cal
1640
1640
18.0
1640
15.0
160
1640
1640
16.0
1540
15.0
15.0
160
1640
15,0
1640
16. 0
16«0
1640
16.0
156.0

Table 1B (Continued)

79
TG
79
79
79.
7%
T9¢
79
79
79.
79
79
79
794
794
79
79.
79
19
T%
79
7%s
79
TG
19«
79
19
7%
79
19,
79
TS
79
80
80«
80
80a
80«
BOe
80.
80,
B0
174.
174,
174.
174
174«
174
174,
174
174
1754
175,
175,
175,
175,
175
175,
175,
175,
174.
174,
174,

25,
85,
85
85,
85,
83
B85
B5e
B85
85
85
BSa
B4,
E&s
86
26
85,
85,
85,
86,
85
8&.
B&
85,
87
87
87
87
87
87
87
87
87,
82
35,
38
82,
88.
83,
88,
83.
82
894
8%
B
2%
AT
85
8G,
8%
BG.
9
S0
S0
GCe
G
SC
Ei
Sl
95
92,
93

S0

3

2
2
2o
2
2.
.y
3
3e
3.
3.
3.
3
3.
3.
3.
4
L™
b4e
LN
4o
4.
4a
fa
4y
S5
Se
Se
Sa
S5a
Se
D
5
Se
be
Se
Ee
5
Se
G
Ee
Ga
He
1.
le
1.
le
1.
1.

1:.693
1,679
1.668
1.647
l.e638
1+642
1.733
1.690
1.679
1705
le687
la724
1697
1. 784
l.682
1. 709
1,683
1.676
1.726
1.694
1.725
1+680
1.6932
1:670
L 717
1:686
1.690
1.659
1.648
1.691
l.646
1.626
1.620
14678
1722
14653
1.639
1.639
1s669
1659
1:643
le728
1.710
les77
1717
1e672
le544
1.693
1e659
14660
1.638
le712
l.698
l.5665
1728
1.711
1.719
1.752
1.700
1.713
1.6386
1.5647
1,712

040285
0.0253
D«0235
0.0288
002386
040293
040312
0.0312
Qe0204
0.0287
J«3255
040265
C«0300
0.0297
0«0294
0«0302
0.0306
0.0308
040256
0.0290
0.0305
0.0289
0.0288
V0291
0.0316
00333
0.G304
0.0299
0432306
0.0322
00297
0.0292
00,0391
$3.0310
0.0335
0.+0293
00270
0.0281
0.0277
00306
00305
00294
0.,0283
2.0280
0.0284
0«0285
00276
0.0281
0.0282
043282
042280
8340289
0.0287
0.02%0
0«U275
J.0285
00239
J3.0291
0.0284
0.0291
0.0285
0.0283
0.0291

0.0227
00195
0.0228
0.0232
0«0230
0.0237
00253
Q0.0254
0:.024>
040229
T« 0227
0020
0.0242
Oe239
020236
De0243
G.0248
040251
03237
0.0232
00246
00231
0.0233
062234
0.0237
GeD2453
0.0245
0.0242
0.0249
Jel264
040241
G235
0+0243
0a0252
020245
Q0+0235
0.0214
040205
Q0222
00249
Q0249
42235
0.0224
0403222
00225
00223
Q002290
Qed223
J«0224
0.0225
00224
Ce0233
C.0229
0.0233
0+2215%
CeQ226
040232
Ce(231
Call225
Ca0232
0.03229
Q0227
040232

457406
597457
457406
434,03
385.10
406824
42761
38138
389.54
491.869
592.74%
5Tos72
412450
433463
433448
39472
38447
415407
410488
4482
3939409
444450
436490
43Be&4]
37179
404e 37
353,02
352435
384ea7
336436
357411
36944
350.10
503,38
471065
458465
573499
594,453
513617
37245
33862
4542452
361.88
573+98
5435498
512647
487436
512491
50%.28
523443
472453
511485
505435
434,95
539.67
554,02
538.79
b6lla.l2
516408
57126
526432
505469
504486



203
293
203
203
203
203
204
204
204
204
204
294
294
204
204
205
205
205
205
205
205
205
205
205
205
208
206
2vs
205
208
205
206
206
211
211
211
211
211
211
211
211
211
212
212
212
212
212
212
212
212
212
213
212
213
213
213
213
213
213
213
214
214
214

1859,
1859,
1859
1859,
1853,
1859,
1857,
1857.
1857a
1857,
1857
1857.
1857,
1857
1857,
1855,
1855,
1855,
1855,
i855.
1855.
1855.
1855,
1855,
1858,
1858,
1858
1858,
1858,
1858,
12858.
1858,
1858.
1852
1852
1852,
1852
1852«
1852,
1852,
las2,
1852,
18580
1858.
1858,
1858,
1858,
1858,
1858,
1858.
1858
186C.
1860,
1860.
1860C.
1860.
18504
18560,
1860,
18604
1863,
1853,
1863,

12.
12
12«
12
12e
12
i2.
124
12
12a
12,
12.
12.
12.
124
12«
124
120
12.
12«
12
12.
12.
12
12
12.
12.
12
12,
12.
12.
12
12.
12
12.
12.
12.
12,
12,
126
12.
1z2.
12,
12.
12
12
12
12.
12
12,
12
12.
12.
12.
12
12.
124
124
12.
12
12
12.
12

53¢
53,
53a
53,
53
53.
534
53
53
53
53,
53,
534
53
53,
53,
53
53.
53
53.
53,
53
53¢
53
53,
534
53
535
53.
53,
53,
53.
53
414
41
41
41
41
51
41
41,
451
52,
42
42
424
424
42
424
42
42,
43
43,
43,
43
G323,
43
43,
43,
43
464
48
LY

800,
BOQ
800,
830,
890
Ba0.
8004
BOO.
800,
BOO«
BOQ.
800,
800
820
800,
800.
BOO.
800,
800,
800,
800
800.
B00.
800.
830,
800.
800,
80Cs
800,
800,
BOO.
830,
800.
500
5004
500
500.
500
500.
500,
5004
500
75C.
750
750,
750,
750,
750
750
TS50
750
80C.
800,
800,
800Q.
800,
BJO.
800
800.
800
802,
800,
800,

Table 1B (Continued)

1744
174
176
17%
174
174«
173
173
173
173«
173
173
173,
173,
173,
173
173
173
173
172,
173,
173
173
173,
173,
173.
173
1735
173
173.
173
173
173,
179,
17%.
179.
17G
179
179.
179
179.
179
179
179,
17%.
179.
17%.
17%a
179,
17%.
179,
180.
180.
180C.
18C.
18).
180.
180.
180,
180
179.
1794
179.

90,

Js
GG
90
SCa
M
21
Gl

le

Sle
9lis
9l
Sle
Sl
S1s
21a
9l
91
Q1.
Sl
9l
91
Sl
Sl
S52a
Gl
G2
G2
92
Q2.
Q2.
Q2.
2
Coa
135
105,
10z,
103,
195,
105,
195,
135
107
107.
107.
107.
157,
107.
107
107
137
10%.
109,
10%.
103
109-
1273,
1C%.
109‘!
109,
113
112,
11C.

3.
3
3
3a
3
3.
b
4a
Lo
e
4
be
be
be
be
Sa
5
S
5e
Se
e
S
S5e
5
6.
-
Be
be
Es
5'
G
Ge
&
1s
le
1.
la
'
l.
I
1.
1.
2
2a
2e
2.
2
2e
2e
o
2e
3
3e
3
e
3
e
3e
3a
Je
b
he
be

1.723
1.689
1.768
1,728
14740
1.847
l.684%
1.482
1+8650
1692
ls672
l.7C2
le676
14629
1629
1.868
1,804
l.744
ls657
1663
le711
ls633
14687
le7320
leGB4
1.778
le743
1+689
1.695
1,734
14660
14690
1.733
1e823
le742
le755
1.733
145693
1.715
l1.728
l.673
le691
le692
let54H
lag42
leb67
1e758
1.735
le648
le632
1e627
1738
l.690
14673
1708
1.791
145699
le667
l.5696
let72
14723
1,580
14655

0.3278
CeJ268
Ca0285
Ca2277
Ja0277
Ga0278
Ca0293
G+3290
33293
$«3280
J43285
Cew283
Te3292
G285
Ged277
TeS289
Cev2B3
Javz282
Jed274
Ge2265
De32786
2e0276
Sed276
Ce3271
Se2288

22293
G291
Ce3273
Da3255
20273
D3+ 2296
Cec292
2294
Je3297
Tel2290
G5e2297
G23290
Ge3292
Te22%92
Qe2267
5342263
Sec2b?
Ced281
Ce2271
Sed286
ceu2T3
J+3255
Gec284
$¢2270
Ts0259
02278
Jel282
Da2266
Je3268
Cs3271
Jes266
Tel276
Cel285
Cec279
0222064
Casl294
Je2293
Qa2292

0.021%
O.021a
Qe0224
040213
QeD217
00215
Qe02335
0.0232
0e02325
00222
0.,0222
000225
00235
00225
De0221
0e0225
0.0221
00222
00217
Q0237
0e0217
0.0212
0e0218
0«C211
0.0232
0.0222
QeD231
040215
0.0237
0.0214
0.023%
002325
040235
Qed234
Q022G
0.0237
0.0221
Qe023%
002323
0.02C2
Js0211
0eD23%
Q.0223
0.0214
0023202
0.0215
Qe3205
Qe0224
0.021%2
00203
Qe0222
0.0222
0«22038
Q.0211
Q00212
Q43285
G.0218
Te02238
ReG221
040207
Q.0235
Qa2233
040235

611,38
673452
537612
63047
58648
698.72
524518
535.08
47176
50223
512a47
21973
483619
47091
527.83
606614
58997
565487
569442
656482
561420
443,05
50213
582410
46690
497.97
478427
528.32
TJ4e88
594436
438456
435e41
494459
76523
601e96
59943
575421
52777
488419
531.23
579.54%
508.11
61264
6512474
550415
57350
736492
516408
540412
633475
494493
650.75
635499
5574886
Sd5.51
572439
561ls20
G127
43358
581l.10
320.62
524418
606294



214
214
214
214
214
214
215
215
215
215
215
215
215
215
215
216
216
216
215
216
216
2le
2158
alé
301
301
301
201
301
301
301
301
301
302
302
302
302
302
302
332
302
302
303
303
303
303
303
303
303
303
303
304
304
304
304
304
304
304
304
304
305
305
305
305

18563,
1863,
1863,
18563,
1863,
1863,
1855,
1865,
1865,
1855,
1855,
1B6&5.
1885,
1855,
18¢5,
1865,
1865,
1865,
1865.
1865,
1865,
1865,
1865,
1865,
1613,
1613,
1613,
1513,
1513,
1613,
1513,
1513,
1621,
1621,
1521,
1621,
1621,
1621,
1621
1621.
1621,
1630,
1630,
1532,
1630,
1630,
1630,
1630,
1630.
1630
1610,
1610,
16170,
15610,
151G,
151G,
15190,
1511,
161 3.
1505,
1505,
16335,
1505,

12
12,
126
12a
12.
12.
12

46
464
46
46,
4ba
G6a
50,
50-
50,
50,
50«
50
534
50.
5Ce
504
50
50
50,
50,
5Ca
504
50,
504
38,
38,
38
38,
EL:
3084
38.
38.
38,

33,
33,

33,
33,
33.
33.
33,
27
27
274
27s
274
274
27
27
27«
264
264
264
26
26
26
26,
264
25
254
25.
259
25

800,
B30,
800
300,
800,
800,
B00.
830,
BOO.
800,
820,
800.
BEOO.
830
B20.
§00.
500
800.
BOO.
BO0
800,
800.
830,
B0,
820,
800,
800,
BOO.
BOO.
800
800,
800,
830
810.
810a
510,
810«
810,
810
210«
8104
810,
B20.
820,
820,
820
820,
820.
820,
320,
820,
830,
8J0,
B30,
830,
830,
800,
800,
830,
800.
B8l5.
815,
815,
815.

16.0
15.0
15649
1643
1549
163
1642
1643
16.0
1660
1540
loed
1640
163
15.C
1540
16.0
15490
1040
1642
16.0
164G
160
160
166G
1560
1640
1543
16,0
losQ
162
1640
16.2
16'0
16,0
154C
1540
1642
15640
1660
1640
15.2
15. G
16.C
15,9
l6e0
16.0
1648
1540
1640
16.0
15«0
1643
1540
1640
1640
15640
16.C
15.2
1620
1640
1540
150
16.0

Table 1B (Continued)

179
179.
179.
179,
i79.
l?g'
180,
180,
180.
180
120
1380,
180.
1580,
1830
i80.
180«
183,
12Qs
18Q.
180.
180
130,
183G
177.
177
177
177-
177
177
177,
177
177
178.
178,
178.
178,
178.
i78.
178
178,
178,
176
176.
175,
176.
175,
176
i76.
176,
175,
176,
176
i76.
176.
176,
176+
176.
1764
177.
i77.
177,
177,

1100
110,
112
11Cs
110.
113
11Ce.
110
110,
110.
110.
110,
110,
119.
110
112
112
112
112.
112,
112
112,
112,
112
g0
90
90
90
SO
90
90
S0
S0,
S0
90«
S0«
S0
90
90
90«
90.
S0
S0
S0
20
90
go-
90
9C.
9D
90‘
90,
20
90
0.
904

Fal
vae

90
90,
99,
90.
I0a
904
90.

5

4e
4o
bGa
&y
al
be
S5
Sa
De
5.
Se
Se
Se
5a
Se
S
6o
Ge
6'
G
69
G
6=
S
1.
1.
1.
1.
1.
1.
1.
1l
1.
2.
2
24
2e
2
20
2+
2.
2o
3.
3.
S
3
3.
3.
3.
3.
3.
G
be
q.
[
G
[
L
4,
ba
Se
5
5.
S

-

1.684
1l:635
1,668
1.700
14635
l.652
1.6%9%
1+683
l.678
1660
1.653
1.673
1.6569
les26
1e594
1,705
1,660
1.8630
1.702
1,590
1,655
1685
l.6568
le635
1700
1:690
14703
1.702
1.714
1.661
l.699
14774
1759
l.877
1.738
1718
1674
1+681
le668
l.669
le722
1.739
1la659
1.665
1.7006
1.670
la649
Y- ¥
le670
l.709
leb79
le664
1.6935
1la71%
1710
l+708
14685
1.728
145693
1.633
14690
1.689
14665
14699

040292
0.0295%
040294
0.0291
3.0287
3.,0292
0485233
0«0283
*J40288%
G.0287
V0290
G.22385
J+0290
G293
00283
0.0288
0.0269
De0261
QeSZ292
0.0289
0.0261
0.0276
00254
0.0260
0.0309
G.02%92
0,3302
00,0302
0.0276
Ga02%1
0.0303
0.0258
03,5294
0.,0272
Q.0291
0.0296
02288
J0296
$.0298
0.0303
J+0315
0.0295
0.0292
0.0314
0:s0314
0.0312
0.,0309
040315
043325
0«0333
240324
040343
0.03706
0.0316
040319
00307
0.0322
0.0318
3.0319
0.C316
0.0290
0+0280
040271
040309

0a0234
0a0239
040237
0ed233
0.0231
G.2235
00235
Je0225
Js 0228
Do 0230
Je0233
0.0228
040233
0. 0237
0e0228
0+0230
Qe02]2
02235
00234
Q0231
0.02C4
00218
0«0207
00204
00251
UeG234
0a0244
00244
0.0217
Co0234
00245
060237
Qe234
Ce 0214
00231
00237
00231
0«C238
0e0241
03246
0+0257
040235
J0235

00257

J.0255
Ge255
0.0252
00258
Ce0268
00274
00266
00245
0e0248
0el257
0s3260
00248
0a0264
0.0259
0.0261
00200
0.0232
00222
Qe0214
00251

G486
456538
423le37
478427
409474
488419
497497
561288
508.89
4591459
508.32
493452
G8)w57
597.97
463455
515.:41
559469
3938455
554:10
48491
693,562
205.51
613.38
539411
435,95
451682
431,72
431,72
472.59
411.84
355,38
392.+72
403448
4B5+59
438441
423.72
4056430
385.+20
21536
245407
236459
2ub+ B4
368944
298.+67
298467
254425
271,30
234,08
223467
232.91
171.47
355,30
356,48
292.92
232,16
222:.28
173,50
200,25
21005
235,59
337.67
487488
444,23
282478
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ABSTRACT

This report describes the first phase of experiments
designed to determine the critical process variables in the manu-

facturing of aerospace nickel=cadmium cells. This first phase
was devoted to the dry-sintering process for manufacturing
porous nickel plagues.

The results presented here are the effects of sintering
time and temperature, atmosphere composition and cooling method.
The plaques were characterized by thickness, porosity, free
volume, strength and weight. Unit weight, thickness and strength

were also taken to determine uniformity within each plaque as well

as from plague-to-plaque.



1. INTRODUCTTION

The objective of this program is to develop a process procedure
and control for manufacturing nickel~cadmium aerospace cells with reliable
five (5) year life capability. 1In order to achieve these objectives;
each component part will be investigated separately and collectively to
determine the critical variables and relatea interactions,

The total program consists of four (4) distinct, yet interrelated
phases. The first phase consists of a detailed éﬁalysms of our éfocedures
in conjunction with a review of pertinent literature of nickel-cadmium
batteries to assess critical variables of the various processes that
affect cell performance. The second phase will involve the evaluation
and testing (verification) of the variables and their interrelation as
determined in Phase 1. This will include a design of experiments to
experimentally identify critical variables and to establish tolerances
required for uniform performance. Phase 3 includes the detailed preparation
of a Quality and Reliability Assurance Program, Acceptance and Manufacturing
Flow Sheets and a complete specification similar to Specification Number
§~-716-P-23, Interim Model Specification for High Reliability Nickel-Cadmium
Spacecraft Cells. The Fourth Phase of the program will be to implement
the results of Phases 1 through 3 on a production basis. This effort
will "prove out” the conclusions and will establish both validity of con-
cept and applicability to production equipment and overall operatiomal
capability. During this phase, the ééliverable items of separationm,
positive and negative plates will be prepared. Also, 20 nickel-cadmium
cells of 20 ampere~hour size will be manufactured to the developed procedure.

Inspection levels will be 1007 minimum and complete traceability maintained.

-1 -



The first quarter of this program has been devoted to investi-
gating the dry-sintering process Fsed in wanufacturing porous nickel
plague. A factorial experiment was designed to examine the sintered
plagque characteristics as a function of the process variables. The
data gathered from this experiment were analyzed using a step-wise
multiple regression technique designed for Tise with the IBM 1130 computer.
At the completion of analysis, plaques with different characteristics
will be selected for use‘in the impregnation factorial experiment.

After the 1mpregnation study, these plaques will be characterized both
electriecally and physically to determine the effects of sintering and
impregnation variations. Tolerance limits will be selected and plates

will be produced for a production lot of cells. Studies will also be
conducted om other component parts, such as, separators, ceramic-to-metal
seals, welding techniques, etc. At the completion of these component
studies, cells will be built ;nd investigated for such things as electro-
lyte amount, positive~negative ratio, compression, etc. The cells produced

at the completion of the program will be placed on ILife Cycle Testing and

eycled to failure.
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DRY SINTERING EXPERIMENT

A. Dry Sintering Process

The dry or loose sintering process consists of sieving Carbonyl
Nickel Powders (INCO 287) into a pre-set mold which contains the
nickel-supporting grid. The powder is then leveled and transferred
to an Inconel sheet. The raw plaque which 1s 10.5 x 9.5 inches 1s

then passed through the sintering furnace on the Inconel sheet.

Figure 1 1s a standard raw plaque.



FIGURE 1

STANDARD RAW PLAQUE

NOT REPRODUCIBLE



B. Program Plan

A designed experiment was conducted to obtain information on
the effect of production parameters and error variance. This
design was of a sequential series type using seven (7) variables.
The seven (7) variables require eight (8) tests for main effect
evaluation and in order to obtain error variance determinations,
five (5) replicates were run making a total of 13 tests..  The
tests were randomi;ed as to their order and every effort was made
to prevent any level of a variable from simply carrying over from
its previous level into the néxt test. The levels and designations
are shown in Table I, while the plan is shown in Table II. All
the variables were measured and the actual numbers, not the design
levels, were used in the analysis.

The main effect tests were the four (4) corners and center of

the full factorial with a random selection of the other trials.

The replicates were the four (4) corners and center.



TABLE T

VARIABLES AND DESTGNATION OF THE LEVELS

VARIABLES LEVEL AND DESIGNATION
Tecperature lGOQ =_-}; 1850 = +1, Degrees F
Belt Speed 6 = =1; 12 = +1, Inches/Minute
Dewpoint 250 =i el s o0 = ey Degreeé F
Atomosphere Amount 400 = -1; 800 = +1, Cubi;VFeetlﬂour
Bulk Density Measured , .870 * .006 gms/cc
Plaque Spacing . 0 ==1: 16 = +1, Inches

1st Cooling Zone 75 = =1; 175 = +1, Degrees F




TABLE IT

DESIGN OF EXPERIMENT WITH

VARIASLES IN ORDER

TRIAL VARTIABLES
NUMBER i 2 3 4 5 6 7
i -1 =1 -1 -1 -1 =1 -1
2 +1 +1 +1 +1 +1 +1 +1
3 -1 -1 -1 +1 +1 +1 +1
+1 -1 -1 -1 -1
+1 -1 +1 -1 +1
-1 +1 +1 -1 -1
+1 +1 -1 +1 +1
+1 -1 -1 +1 -1
-1 -1 -1 -1 -1
+1 +1 +1 +1 +1
-1 +1 +1 +1 +1
+1 -1 -1 -1 -1
+1 -1 +1 -1 +1




C. Sintering Experiment

The sintering experiments were carried-out on a furnace located
at Eagle-Picher's Colorado Springs Facility (See Figure 2). The
sintering furnace has a maximum temperature capability of 2000°F
and a belt speed of 22 inches per minute. The furnace temperature
was controlled by sensing the temperature from two (2) ;hermocouples
located four (%) inches above the belt in two (2) locations. The
belt speed was controlled by adjusting the-drive motor ;peed. The
furnace has a controlled atmosphere which is produced by cracking
natural gas in an endothermic generator. The composition of this
gas is adjusted by the gas-to-air ratio in the gemerator and measured
by its dewpoint using an Alnor Dewpointer Type 7000/U. The amount of

atmosphere in the furnace is controlled by the imput valve and associ=-

ated flow meter. The furnace has two (2) cooling chambers each with
its own temperature control. The temperature of the cooling zone is
paintained by a temperature sensitive valve which varies the amount
of water flowing through the water jackets.

Six (6) plaques were made with each test. Each plaque was
sampled in nine (9) places as shown in Figure 3. Each sample is

1" x 2" and was cut using a standard punch and die set mounted on

an Arbor Press (See Figure 4).
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The samples were then weighed on a RX-1 Torsion Balance
(The Torsion Balance Company, Clifton, New Jersey) and the
thickness measured using a AS 1141C Exact Micrometer (E. J. Cady

& Company, Chicago, Illinois). The free volume was then calcu~-

lated by the following equation:

Where: Vp = Free Volume in Cu.In./Sq.In.
T = Thickness
Vp=T-W_ .
2d W = Weight of Sample
d = Density of Nickel in Gms/Cu.In.

The mechanical strength of each sample was measured using a
Four-Point Bend Testing Machine constructed at Eagle-Picher. The
bending jig and method of obtaining-ﬁechénical stfength of poroué
nickel plaqueé were developed un&er Contract Num?f; NAS5-11561 by
Tyco Laboratories, Inc., Waltham, Massachusetts. Figure 5 shows
the completed assembly and Figure 6 shows the bending jig. The
bending jig is mwounted to a standard ball bearing die set to pro-
vide a friction free perpendicular movement with a controlled side-
loading. The die set is equipped with a compression load cell of
a 25 pound range and a load meter with an amplifier (Bytrex, Inc.,
Waltham, Mass.). The die set is driven with a hardened lead screw
with 16 threads per inch and a reciprocating ball nut to provide a
friction free advance. This is coupled to a 10 rpm motor capable
of producing 36 inch pounds of thrust at the Four-Point Bend Tester.
The reciprocating ball nut is adjustable to eliminate slack in the
lead screw arrangerent.

The samples were placed on the lower circular pins shown in

Figure 6 and a compressive load applied by the upper circular pins.

Figure 7 shows a typical load trace.

- 12
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The mechanical strength was calculated using the following

formula:
c = .75 %Lg;-
Where: o = Stress (psi). .
P = Load (1bs)
L = Distance Between Quter Supports (1.5 inches)
b = Width of Sample (1.0 inch)
h = Thickness of Sample

e 13 -






-

FIGURE 6
BENDING JIG

- 15 -




N

TIME

FIGURE 7

TYPICAL LOAD TRACE

- 16 -

INCREASING
LOAD




ITT,

DATA ANATYSIS

A. Introduction

Each ''observation' in the plan, discussed in the previous sectiom,
consisted of data on six (6) plaques per test., Fach plaque had

nine (9) sample results, thus, approximately 700 observations were
avairlable, The '"pure" replicates Wer;—the nlne-(9) samples within
each plaque. Some variation in the independent or controlled vari-
able matrix was observed and these were used in the matrix as such.
The sequence of the six (6) plaques going through the furnace was
added to the matrix, Only one (1) lot of nickel powder was used
and no change in bulk density was found through the whole plan,(l)
so this variable was replaced by the plaque sequence. There were
two (2) cooling zones and the temperature from each was put into
the matrix. The weight of the two (2) sg.in. sample was used as
a variable when regressing for the thickness response and the
thickness (actual) was used when regressing for void and strength
responses., Void per sq.in. of surface was considered a more pertinent
and meaningful response when porosity percentage, therefore, porosity
was replaced by voild in the matrix., Void represents the actual volume
available for active material and requires knowledge of the thickness
of the particular plaque, Void is an absolute quantity in units of
cu.in. per sq.in. plaque.

A total of nine (9) variables were used in the andependent
variable matrix (X') for each response., Table 14, in the Appendix,

lists the column designations and Table 1B lists the original data

with the response computed for each observatiom.
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B. Inte%pretatlon - ANOVA (Analysis of Variance)

Although multiple regression analysis is not dependent on
information from an analysis of variance, obtaining the pure error
sum of squares from an ANOVA is useful. The residual sum of squar;s
from a regression includes the error sum of squares along with any
sum of squares due to i1nteraction or variable terms not included in
the model, but should be, provided sufficient degrees of freedom
are available, In order to obtain 1nformation for this use, an
analysis of variance was performed. Tzbles 2, 3 and & show the
ANOVA information treating each set of plaque samples (A), each
distincet set of plaques (B) and combining the "replicate™ sets as
a group (C). From the ANOVA information, a high significance 1s
concluded from the "F" value comparisons for the effect of combined
variables, as well as showing the replication or pure error (withiam

groups) sums of squares.

C. Interpretation - Recression

The variable designation for the various regressions are listed
in the Appendix for each response; Strength, Table 5A; Void, Table 6A;
Thickness, Table 7A, The initial regression for each response
(Tables 5B, 6B and 7B) was including the wain effects only without any
interaction terms in the model. TFor ease of comparison, a coding
routine was used 1n which the maximum value of each variszble is set
equal to +1 and the minimum value 1s set to =-l. All intermediate
values are prorated between these two (2) values. The printouts

show the maxima and minmmma for all variables except the response
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which is.unchanged. For all three (3) responses, the regressions
without interactions show the existence of imteractioas through
the regression sum of squares being appreciably larger than the
corresponding pure error sum Of squares {within plaques).

A note should be added here on & fundamental aspect of inter-
pretation with multiple regression concerning conf;undlng. Tt was
originally thought that a (Dwvariable vector having a correlation
coefficient other ;han 1 with another)variable vector regardless
of what the vector is would not be confounded. Dr. Leroy ¥Folks,
StatistES? Department, Oklahomz State University, Stiilwater,
Oklahoma, has started a fundamental analysis of this problem.
Although the study 1s not complete, Dr. %olks opinion at this
time 1s that a factor (vector) that has a correlation coefficient
other than zero includes in its regression coefficient some of the
effects of the partially correlated vectors and probably vice versa.
However, use of the model for predictions and comparison of '"pure"
replication error with residuzal error is not affected.

In order to locate and obtain the regression equation with
the anteractions in the model, a series of regressions were
wade, always using the same basic nine (9) variable matrix. The
regression program being used can handle 36 variables in the X
matrix (37 = response). Since there are 36 first order interactions
possible from nine (9) variables, two (2) regression runs were
necessary. Coding for the interactions was accomplished by apply-
ing the 41 and -1 code to the range of values for the product of
the raw variables as a vector. In this wmanner, a low (minus) code

1s the result of two (2) low level base variable and a high (plus)
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code is the result of the high level products. Low significance
or zero magnitude interactions were replaced with the untried
interactions for the second and final regression which is shown
in Tables 5C, 6C and 7C for each response. These '"G" regressions
were used for further interpretation dsing the same maximum and
minimum for coding the prediction levels desired.

It is 1mportant to note that when a set of levels are selected
that predict above‘or below the responses in the original data,
this constitutes an extrapolation subject to all the restrictions
and hazards of graphical extrapolation. With the complexity of the
interactions in these results, it is difficult to optimize and at
the report closure time, final interpretation is not considered
complete. The discussion to follow will concern the "ecurrent'
method being pursued.

In order to obtain a more complete view of the entire factor
space, a computer generated full factorial set of levels (512) along
with the predictions of all three (3) responses was built. A sort
and rearrangement program was performed on each response while simu-
taneously carrying the matrix, void and strength for each. A set
of values was cobtained for the highest void x strength product.

The original sets are shown 1n Table 8B and the variable desig-
nations are in Table 8A. No special attention was paid to the
"desirable' levels in the @) matrix at this stage. The first variable

that was studied was Plaque Sequence, using only the 6th plaque in each test.

Table 8C shows the effect cof a change of all levels 1 to 6.
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Table 8D shows the effect of belt speed when it is increased

from 6 in./min. to 12 in./win. Finally, the effect of changing

the plaque spacing to its ;mallest value in place of 16 inches

is shown in Table 8E. In each case, the thickness is uniformly

the highest value, .034", so the void and strength are directly
comparable without compensating for differences in thickness.

Since thickness did vary in the original data, thas direct compari-
son cannot be preélsely made, The reason for cbserving the effect
of changing the levels to those shown is that, 1n all cases, the
levels were changed i1n the direction of increased production. Only
one (1) prediction (Obs. 7) remained the same (no substitution)

and another {Obs. 8) was improved slightly (toc equal Obs. 7).

The other predictions all lost strength with slight changes in
vord.

An effort was made to optimize a set of levels assuming
ilinearity between level bounds within linear factors and all
interactions. This was done by selecting all sets with a void x
strength product greater than 100 from the factorial and regressing
these against the simple factor matrix to find a "high" set.

Table 9A shows the data used for the full factorial prediction
set. Variable designations follow Table 6A for the first nine (9)
columns, followed by the predicted void and strength.

Using coded limits, as in the regressions in Table 6, Tables
98 and 9C are the regressions for void and strength, respectively.
Table 9D contains the predictions from the original regression (Tables 5

and 6) for the levels shown. This confirms the general observation

that a plaque may have a good void and either be high or low in strength.
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While the interpretation was under way, a mid-level test was
conducted to observe whether predictions would be reliable with
wrd-levels, assuming linearity of effects and to ultimately add
these observations to the basic data matrix for prediction.

Only the former has been accomplished as of this report. Table 104
shows a listing of the mid~level data using the variable desig-
nation of Table 1A. Table 10B shows a listaing of the actual void
and strength versus the predicted values using Tables 5 aund 6
regressions, The predicted stremgth is not in good agreement with
the actual strength although the predicted strength 1s well above

an  acceptable range. The predicted strength is 658 pounds versus
an actual strength of 554 pounds x7pth corresponding sigmas of 33
versus 49, The void prediction i1s in much better agreement. The
mean predicted void is 0.0227 cu.in./sq.in. versus the actual 0.02222
cu.in./sq.in. void with corresponding sigmas of 0,063 vs. 0.061
respectively, The correlation coeificients of predictions versus
actual for void was .923 while strength was .387 (N = 54). Analysis
of the pure replication error variance will be made in the treatment
of possible improvement in the production sigmas,

Additrional interpretation with the mid-Ievel test i1ncluded in
the data matrix is necessary before an overall appreciation of the
possible directions that may result in a more uniform plaque can be

obtained,
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No interpretation has been wmade using porosity as a response,
since it was the consensus that void was a more meaningful para-
meter, However, porosity does measure the degree to which the
void per wnit thickness (volumn) has been altered by the experi-
mental parameters. This type of analysis will be incliuded 1n the

more detailed interpretation now underway.

D, Interpretatiom: Variability of the Process

The problem of measuring and proposing corrective action toward
decreasing the variabality of the plaques is essentially a separate
interpretation., Two (2) types of measurement data may be utilized:

{1) Analysis of variance data. .
(2) Slope information from the regressions, combined with
observed variation within the & matrix,

Using an analysis of variance, the square root of the mean square
("MS'" in Tables 2, 2.1, 3 and 4) may be used as an estimate of sigma.
The "within groups' ms using the plajue groups in Tables 24, etc.,
yields an estimate of the “pure' ervor and assumes the variations
within the CQmatrix variables will not cause any variation across the
plague. This variability represents combined errors from such sources
as experimental error in actual measurements of thickness, weight and
atrength, and variations across the plaque due to weight per square
inch not being uniform, ete. This type of error 1is separated from
variations due to furnace variables not being held constant by sub-
tracting the "within groups" S8Q and degrees of freedom from the
next set of groupings.. A complete analysis of variance table has
been constructed for weight, thickness, vold and strength using the
original set of data imn Tables 124, B, C and P, This analysis of
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variance is shown im Tables 2, 2.1, 3 and 4. The terminology used
in the "source" colimn 1s defined in Table 12A. Variability of the
responses may, of course, apply individually to each. In the
ANOVA detail source, the varzability within each plaque ("within -
plaques') is considered to be "pure error". "Within runs between
plaques” or 'within runs" would show variability with a new setting
of furnace and a restart in plaque preparation. “Withan groups
between groups" ané "within groups' would show variability with the
test levels changed to factor settings. The "between group” shows
the variability due to all factors, It 1s expected that there
would be an 1ncrease in variability between tests and groups due
to a complete new set of holding levels.
The interpretation of calculations 1n Table 12 1e best done
by response.
(1) Weight/2 Sq.in.
It is difficult to consider the weight being influenced
by furnace parameters or how often the furnace starts up.
There is a statistically significant inecrease in variability
during each operation and wore when the parameters are changed.
Comparing the coefficient of variations, this increase due to
furnace changing is relatively small as compared to variation
across the plaque ("within plaques"). As noted before, this
error includes the experimental error of measurement as well
as true variation im weight, The pooled factor effect ('"between
groups") 1s insignificant. In production, the value of vari-
ability probably would approach the "within runs" value in the
"accumulative ANOVA" Table.
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{(2) Thickness x 10

From the regression analysis, it 1s known that thickness
15 largely determined by the weight but factor effects are
very significant, The ANOVA shows somewhat more ''pure' error
than for weight, the coefficient of variation 1s 3.5%%versus
2.15% respectively. This i1s probably due to the experimental
error of measurement being larger. Tﬂis is reflecféd—parallel
to weight except the pooled factor effects are much larger.
Similar to weight, the principal location of varrability is
within the plaque itself, There was also a significant change
in overall thickness between tests, but this 1is small as com-
pared to the variability across the plaque (4.20%-3.59%).
(3) Void x 10 and Stremgth x .01

Parallel statements to thickness can be made about void
and strength. The increase 1n variability within tests can
be due to variation among the X or controlled variables beyond
the degrees of control existing. This may be taking place simu-
taneously with variability originating frowm the wvariation in

weirght (leading to thickness, void and strength).

In order to assess the yariability due to the X variables, the

slopes may be obtained by partial differentiation of each regression

equation of each response with respect to each controlled wvariable

separately. Without such complex interaction sets, this can normally

be done from the coefficients directly. The differentiation totals

at least 5 to 7 terms. Both maximm and minimm slopes are given in
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Tables 13A, B and C,

These slopes times the fraction of uwncontrolled

range yields a qualitative estimate of the relative possible range

of variation.

that are fixed are shown as follows:

The ranges subject to adjusting control and those

% OF MEAN ]
THICKNESS VOID STRENGTH
VARTABIE RANGE RANGE RANGE RANGE
Var(l) Temperature ‘i15°; 10.2% 36.7% 29.8% -20.3%
Var(2) Belt Speed Fixed - - ~-
Var(3) Dewpoint #5°: 29,5% 64.9% 24,8% 106%
Var(4) Atmosphere 10, 4.5% 8.75% 0.53% 17.3%
Var(5) Plaque Spacing  #.25", 3.1% 8.6% 1.0% 16.2%
Var(6) 1lst Cooling Zome +3°, 2.78% 2.7% 0.43% 3.5%
Var(7)} 2nd Cooling Zone None Observed - - -
Var(8) Plaque Sequence  Fixed — - - .
Var{9) Weight Fix;d -~ - --

As far as is presently known, no confirmation of this interpre-
tation can be made, but 1t appears that Dewpoint would be the most
important variable to obtain tighter controls over to minimize variations
followed by temperature and atmosphere amount.

E. Interpretation - Mid-Level Test (Wo. 9)

The ANOVA information on the mid=-level test (#9) i1s shown
in Tables 11A, B, C and D.

The 'within groups" (Pure error) mean square values of Test
No. 9 (Table 11} may be compared with those of the original data
{Tables 2, 2.1, 3 and 4), taking into account the proper degrees
of freedom to show whether there 1s a sagnificant difference by
an "F" test.
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The wvariabality of this mid-level run is significantly

less than the first tests wn the series, as shown in Table 14

where the numerator in the ratio of mean squares 1s the earlier

tests.

Further interpretation will be reported in the next Quarterly

Report.
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IV. DISCUSSION

A completes analysis of the available data is not yet completed,
The analysis will be comtinually ;pdated through the impregnation phase
of this program.

Based on a4 limited analysis, these observations are made:

1. Sintering temperature affects both strength and
void, That is, low temperature produces high void
and léw strength, while high temperatures produce
low void and high strength.

2. Slow belt speeds produced plaques with low void
and high strength, while plagues produced at
higher belt speeds had high void and low strength.

3, The effects of Dewpoint and atmosphere amount were
the same as for temperature.

4. The spacing between the plaques had a greater effect
on strength than void., Greater distance between
plagues shewed a marked reduction in strength and
a smaller increase in void.

5. The cooling zones had very little affect on strength
and void.

6. Strength and void appear to be inverse linear func=-
tioms.

The preliminary analysis of the regressions indicate the existence
of strong interactions between some ;f the varzables, Because of the com-
plexity of these interactions, the analysis is not complete.

An additional mid-level test was made to verify the regression

equations. The results of this test were in good agreement with the pre-
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dicted results and, therefore, indicate a good regression equation.
Weight and thickness varzations appear to be greatest within
each plaque. If this variation proves tc be significant for good process
control, an effort should be made to improve the method of preparing the
plague before sintering.
Work to be accomplished during the next quarter will include
a more detailed analysis of the raw plaque data and the ﬁeginning of

the impregnation study. Also to begin in the next quarter i1s a separator

investigation and a ceramic-to-metal seal investigation.

- 29 -



REFERENCES

(L

John M. Parry, Developwment of Uniform and Predictable Battery
Materials For Nickel~-Cadmium Aerospace Cells, Second Quarterly
Report on Contract Number NAS5-11561, 8 February 1969 -

7 May 1969,

(2)

Dr. Leroy Folks, Statistics Department, Oklahoma State Univer-
sity, Stillwater, Oklahoma, Eagle-Picher Consultant.

- 30 -



APPENDIX




305
305
305
305
305
306
306
306
306
306
306
306
306
306
311
311
311
311
311
311
311
311
311
312
312
312
312

312

312
312
312
312
313
313
313
313
313
313
313

313 -

313
314
314
314
. 314
3la
314
314
314
314
315
315
315
318
315
31is
31s
315
315
316
316
316
316

1505,
15C5.
1535,
1505,
1505,
1500
1530,
15C0.
1550,
1583,
1550.
1550,
1659,
1520,
1511,
1511,
1511,
1511
isll.
1511.
1511,
151i).
1511,
1813,
1213,
1513,
1213,
1513,
1613,
i513.
1513,
1513,
15i8e
1818
1518%.
1518,
1518,
1518,
1518,
1513
1518.
1585,
1505,
15C5,
15C5.
1505,
1625,
1535,
1255,
1505,
1520,
1£20.
1522,
1520
152C.
1520.
1520
1520,
1£20.
1610,
1510,
1610

16104 -

25.

3.
254
25.
23
27
27,
27

27,
27
2.
27s
27«
Zle
23
22
204
27:
235,
23
23«
23
23
23
23,
234
£3s

23,

25

-z
Fa-y )

25
25

254
25
234
254
25,
25
25.
27«
274
27
27
27
27
274
27,
Z7s
22,
£33
g3
23

815
8l5.
815,
815,
815
820
820,
820
8204
820.
820.
820«
820«
820%
BOO.
2800.
BOO.
800,
800.
830,
80D,
850,
8330,

'8000

800
800,
800,
80O«
800.
80O
800.
800.
830.
8004
800,
8OO,
B30,
BOO.
800
8004
800
800,
800,
800.
850,
800.
800
800,
806
800,
800,
800
200,
800,
800,
820«
800.
300,
8004
800,

. 800,

800,
800,

150
13.0
150
i5.0
15.0
15.C
150
150
15,0
1500
15:0
15,0
16.0
1540
1ges0C
15.0
15,0
15.0
1640
154G
1540
i5.0
1647
15.0
150
15.0
1.0
1540
15.0
1660
i6.40
1540
1660
1540
1640
1540
15.0
15.0
16«90
15490
150
15.0
15.0
15.0
1540
15.C
15.C
15.0C
150
1540
15.0
1540
1549
15.0
150
15.0
1540
15.0
1540
1540
160
16«0
1640

Table
177«
177
177«
177,
177,
177,
177
177
177.
177.
177
177,
177
177«
174
174,
174
174
174
174«
174,
174
174,
175
175
175«
175
175«
175.
175
175
175,
173
173,
173.
173.
173.
173
173
i73.
173.
174,
174,
174,
174
174
174
174
1744
174.
175,
175
175,
175.
175.
175.
175.
175,
175
176
176,
175
176

1B (Continued)

90
S0,
90
9T
90,
Q0.
80,
90.
SCe
90,
G0
90
20,
S0
83
83.
23
83
63
83
83.
83.

a7

- e

83
83
83,
83,
834
83.
B3
83
B3
§3.
83
83.
83
83
83.
83
83
83,
83.
83«
83
B3
83,
83.
83,
83
B3.
B4
84
84
84
34
84
84 .
84
B4
854
85.
85
85

S
Se
Sa
e
Se
Ea

"6y

Ga
G
60
Sa

Ss .

Ga
e
ls
1.
1.
ia
1.
1.
le
1.
la
Ze
Ze
2.
2e
2e
2.
2e
Z2a
2
3.

k]

-

3e
3.
3s
3e
3.
3
3.
Ga
L

Lo

Ga
G
bo
G
be
e
Se
S
Se
Se
Se
S5a
S5
Sa
Se
6-
1Y
Ga
S

lep82
1705
le623
le6256
les42
1.685
14727
l.726
148672
1eo79
14631
1.625
1,636
14550
1.799
le697
1.678
1583
1.709
1.699
1.682
l1+5645
l.680
1705
les42
l.561
145%0
1.5658
1.664
14693
1e675
lLeb47
1.700
1,664
1e549
ls672
ls673
le646
1.715
le697
1+655
1.5684
1572
1.704
l.687
1.677
1.649
1.697
1.675
leb647
1.705
leT714
1.670
1672
145689
1,729
lebél
1.646
les32
1744
l1.682
le638
l.8684

0.0273
0.0308
0.0322
0.0319
0:0324
022702
040271
0.0331
040304
0,0310
0.0315
00,0291
0.0306
0e0328
00340
040315
0.0325
0.0330
0.0332
040326
0.0332
0.0320
0.0314
00310
000287
0.0326
0403032
000293
0.0326
0.0282
0.0275

‘040290

0.0334
0.03138
0.031C
02293
0.0283
0.0291
0«0330
0«0319
0403186
040292
0.0300
G.0302
040303
0.0290
0«0304
040321
040293
040300
03302
00309
0.0315
0+0315
0s0314
040318
040290
0.0313
040310
0«0323
0.0298
0.0316
00316

0+0215
T.0250

"D.0266

3.0263
V40268
0.0212
00212
J.2242

0.0247

Je0252
Qa2259

.0.0235

Ge0259
0.0271
040281
040257
040267
T40272
C+2243
G+0268
0.0274
C.0264
£.0256
0.0252
0.0231
0.0269
240245
0402136
0.0269
0e0224
2.0218
C.0234
2:0276
0.0261
0.0253
0,0235
0.0225
0.0235
0.0271
040261
043259
C.0234
040243
0.G244
0+0245
0.0232
0.0247
3.0263
042236
0.0244
T+0244

0402350

C.0253
2.0258
V.0256
043259
0.0234
0.0257
0.0254
Ce0263
240240
Q0260
0.0258

272.11
215442
193,97
222450
254416
21B8a.18
234413
269458
342405
28le066
225432



316
316
316
316
316
401
401
401
£Q1
£01
501
4901
a0l
4501
502
402
&02
402
402
402
5072
40Z
402
403
403
403
503
03
493
433
403
403
404
404
404
404
404
504
04
404
404
405
405
495
405
- 505
405
405
405
405
4045
406
L0656
406
406
406
506
406
406
411
411
~ 411
411

1610,
1610
16130,
1610,
1610.
1860,
1880,
1860,
1850,
1860,
1860,
1860,
1860,
1860,
1860,
1860,
1860.
1850.
18490,
1860,
1860.
1860,
1869,
1860,
1860,
1860,
1860,
1860,
1860,
1860,
1850,
1860,
1851,
1861,
18581,
1861
1861,
1861,
1861,
1861,

1361 .

lasl.
1861,
1861,
1861,
1861.
1861.
1861,
1851,
1861,
1861,
1861,
1861,
1861,
1861,
1861,
1861
1861,
1851,
1868,
1868,
1868,
1868,

be
Ge
Ge
Ee

12.
12+
12«

12,

12
12.
12.
12+
12.
12.
12«
12,
12
12.
12.
12
12
12.
12.
12
12.
12,
12
12,
1z.
i2.
12«
12.
12.
12
12.
12.
12«
124
i2.
i2.
12.
12,
12.
12
12.
12.
12.
12.
12.
12.
12.
12.
12
12.
12.
124
12«
12.
12.
12,
12.

124

2B
23
28
28
28¢
48,
46,
46,
46
46,
46,
45,
L
45
46,
46,
465,
L&
46
45,
L6,
46,
46
G5
46,
46,
464
L6
46,

-45.

46
45
47
47,
G,
47,
47
47,
47,
47,
47,
47
47

474 -

470
474
47

T e

47,
&7
474
47,
47,
47
457
474
474
474
47.
414
41
41,
4l

800.
800.
800
800
800,
400,
4004
500
400,
400
400,
400,
400
400,
400,
400
400.
400,
430,
400,
400
400,
4004
400
400
400
400
400
400,
490
400«
4004
400
400
400
430
400
400
400
400,
400.
400
400,
430,
400
400
400
400s
400
400,
400
400
400
400«
400
400,
4000
4000
430
396
396
395
396«

1640
160
16«2
1642
1640
Dol
0.1
Cel
Ol
Osl
0.1
Osl
Qal
Oel
01
Gl
Gel
Osl
Oel
Os1
Oel
Qel
Qel
Del
Qal
G.1
Oel
Oel
Oel
0.1
Sa1
Jel
bal
Oel
Gel
Jed
Oel
Os1
Del
Oel
0.1
O«1
0s1
D1

TS

Gl
0.1
Del
Oel
0el
D1

. Qel

Ol
0s1
Del
D.1
Cel
Qel
[+
0«1
Jel
Qa1
Jel

Table 1B {Continued}

175,
175
1764
176,
176,
17
17
77
77
T7e
7«
T1e
774
T7.
74
77
T7
T
TTa
77
77
T7s
77
77«
T7e
T
77
T7a
T7a
77.
T7Te
77
T7s
77
T7s
T7e
7.
7
T
77
T7a
T8a
78,
73.
T8
T8«

78s .

78«
784
T8«
T84
78
73,
78
78
7B«
T8
T8
784
-
T6a
76
TEe

B85,
85.
85
85,
B854
LYY
L
=2
Slhe
Q4.
FGa
G e
Qb o
Q4
95
95,
95.
95
95,
95,
95
95.
95.
95
95,
95
95,
95
95
95.
95
95
96,
954
96
96
6.
96
95
2=
P64
96
96
Q6.
FEe
96
95
96
96,
96
97
97
97
97
97
97
97
27
97
103 -
103
103,
103,

"
Qs
Ge

&

lo569°

ls691
1e691
1.659
1e637
1,68}
1a720
1699
le864
1.668
1e632
le658
leb58
l.66%
leg7w
lag69
leb179
1735
1e626
legl3
1.713
14698
1.748
15668
le.663
1.66%
le669
1.701
la733
1659
le633
1.633
Le560
1653
1.728
la742
1735
1730
le719
1.739
1.73%
les53
la682
l.5688
le714
1.760
1.683
lo742
1a705
1.712
1778
1.772
leo749
1e753
1832
1727
le636
1717
1¢720

1.709°

l.683

Les37

le626

0s0294
0.0310
0.2320
G298
040299
0aD280
De2286
0.0295
040270
Q.3282
C.2286
Q0287
- GeC292
C«D294
02289
C.4288
$.3291
G3.5293
0.C284
C.0Z288
Ge0280
Ce0282
0.0286
0+3289
00278
03270
3+3275
049250
JeU286
0.3288
30254
35287
Jeu275
G272
00285
Ge0286
CeJZ2561
Q002384
Qe3281
De0281
0.0287
Uec2B0
Oe0275
Ce2289
Ca.0289%
De3273
3¢ 2285
J«0284
Da2258
240285
0.3299
8a.3295
Je 0334
Je3303

9.0259

D.T296
Je3257
Jsu234
Ded303
Te3202
0277

« 3276
Ge0284

00237
Q.0252
Ce0262
0.023%
Qel263
D.0222
00227
00237
0.0213
Qe3225
00232
042230
0.0235
Qe237
0a0232
0.0231
0.3233
CeD233
0.0225
00231
Cs0221
0.022%
0.0226
JeG2322
00221
Q0213
Q.0218
0.0192
Qe2227
00231
0.20235
0.0231
0.0218

" D.0215

002256
D.0228
0.0201
040225
Q0.0222
00227
0.0223
0217
0.0231
Jed239
0+0213
040227
040224
Ca0229
042227

04022387

C«0234

" 040204

Q060243
QeQ237
Q.0237
0e0241
Je0239
Q.0244
De2463
00219
0.2220
Q0228

260431
257 e54
21%.73
2564890
23%.09
559463
5U8+89-
530402
573299
530%.28
508489
4654437
Y&48461
481657
453438
501484
491455
484486
488418
481,38
473453
495,13
L1251
45797
55771
58&442
550441
755400
522064
542453
537460
«T73403
595404
538465
525432
£1l8492
£9362
530403
584415
569490
559.98
543428
295404
238.79
511485
649208
55402
530403
595421
522454
6al.77
559,29
523445
502449
415426
43556
382461
418406
392.12
493,40
286448
531+65
414-24

J

| NOT REPRODUCIBLE

|
f



411
411
411
%11
411
412
412
412
412
512
412
412
412
412
413
413
413
413
413
413
413
413
412
416
416
416
414
414
414
614
416
414
415
%15
415
415
415
415
415
415
415
415
418
4156
418
" 416
415
416
518
416
501
501
.501
591
501
591
501
501
501

502 .

502
502
502

1868,
1858,
1858,
1858,
1868,
15566,
iRrs5,
18565,
1366
1885,

[+

lﬂf.!.

Lo R R |

1855,
1288,
18656,
18584,
1864,
1364,
18646a
1564,
1884,
1854,
13640
18364,
1852,
1852,
12562
1252,
1862
1862
1862
1852
1852,
1850,
1850
18480,
1860,
13860
1850,
1850,
185Ca.
1280,
18562,
18582,
1862,
18452
18532,
lgs2z.
1852,
1852,
1862,
1865,
1855,
1565,
1865,
1865,
1855
1255,
1555,
1855,
1855,
1845,
18585,
1855

12«
12
12,
12
12»
124
1z.
12.
12,
124
12.
12,
i2.
12.
12.
12.
12.
12
12,
12
12.
12«
12,
12.
12
12
12
124
124
12,
12,
12
12.
12,
12.
12.
12.
i2.
12.
12.

129

12«
iz.
12,
12

41
41l
41
414
41
41,
41,
41.
41
4le
41
41
4le
41
41
41,
41
41
41,
41l
Hle
4],
41
41,
41.
41,

4l

41
4,
41,
41,
41,
41.
Ll
4l.
4l
4
41
&1
414
41a
4ia
4l.
414
4]1a

41

41,
4l
41
41,
46,
45,
45,
45
bGba
45
45,
45,
46«
47,
&7,
474
47«

396,
296
396,
396
396
392
392,
392,
392
392.
392,
392
392.
392
288.
388,
388,
388.
388
388,
388.
3588.
338,

-384.,

384,
384
3844
284,
384,
394,
384,
384,
330.
380
380,
280.
380.
380
380,
3804
380,
380.
380
380,
380
380,
380
380
380.
380.
4004
400
400
4004
400«
400
400
400,
40Q.
4004
4004
430,
400

Js1
Oal
G+l

Cal

Jol
Cel

Cal.

Dol
Del
Tael
Cal
Qel
Cel
Oal
Del
3.1
Oul
el
Oal
Oel

Cel

Gl
Cal
01
Jel
0.1
0.1
Cel
Tel
0.1
Dal
Gael

Q.1

Osl.

Tl
J.1
Jal

Table 1B (Continued}

T6e

. T6e

76
T6e
T6s
17
TT7e
TT7e
17
77
17
77
?7.
T7e
78
184
78
78
784a
78
T8 a
T8
78
T7a
T7s
T1la
774
17
T7a
17
T7
17
16
76
T6e
76
Toe
T5e
76.
T6e
T6e
75
75
75
75
754
T5a
75a
75
75a
172
172
172
172
172«
172
172«
172
1724
173.
173.
173.
173

103.
103
103.
103
103,
103,
103.
1303
1233.
103.
103.
103.
103
103,
103.
103,
103.
103.
103,
103,
103,
103,

192, |

102,
102,
-102.
102
102,
102,
102,
102«
102.
122«
102.
102
i0z.
132,

192..

102.
132
1C2.
1g2.
102.
102
1C2.
102
102.
102.
102.
87a
87
87,
&7
874
87
87
87«
87
87
87,
87
Q?o

1e731°

lebb2
l.670
leb74
lo867
l.688
14655
1e621
1le6b62
l.649
1l.659
1,598
1,551
le646
1.725%
1.728
1e712
14709
1.747
le71
le718
1«705
1.578
l.826
Le657
10608
14632
14638
l.634
le631
legl?
145605
14693
l1e5686
1.568
1.678
14668
1.694
l.b4d
1.673
1.728

14723 .

1.718
ls681
lap82
1.671
14658
l.694
l.648
1.609
14620
1.685
1s4678
1.698
1l.700
le741
1+675
le699
1727
le626
14659
14653
13540

Cel264
02278
Q.30289
Oel272
Ca5280
0s3296
043297
de298

0.C286

0.2272
TeCT283
2286
G274
042266
Cel293
To2237
G279
Cel280
02293
CeT280
S«22%1
Q.2288
0.22389
0.22958
TeD275

2274
00292
043296
0295
C.0Z8s%
L0294

+Je 3297

0.3289
0.2287
G40285
Qe2277
Ga«2270
Ged292
02283
0.3272
GeT291
DelZB2
C.0276
e 2282

Sa.2288

0.0279

02234
042302
D275
De2283
Q3278
D.2263
0+0271
Ce2275
Q+0255
0+22Z68
042280
0.2266
Ce2217
Cel258
Cel260
Cel2251
Qel254

00285
0«0221
0232
0+0215
0.0223
0a02328
00243
00242
0.022%
0.02153
Ce0225
Ce0222
0.0217
00215
Qed235
020222
Qe0222
00221
0,0232
040221
Deu232
040232
0.0231
0.0233
020213
240215
060225
0as0240
Qsa0Z235
040220
0s0229
0242
0.0221
00229
0e0223
Ga021%
Qs02132
0e3234
040227
0e0215
Q0222
00223
0.G217
040224
Qe5228
0.0222
Q0227
0.0244
Qa0212
De0228
De02Z22
00203
0.0212
S.0217
0aC197
040238
0e0223
02208
O.0212
Q0222
040233
00204
Oe0198

694409
553415
471e44
57783
487,88
423072
420288
468473
495,413
547462
445450
508489
Y53%445
508.79
582,70
599443
654482
6T4s43
511407
617403
5397483
542453
511.85
654485
520.686
524447
461480
G499 ¢40
478431
4353487
42951
42788
457497
60295
525432
2342449
509425
52777
505469
547442
411484
ET5434
694,12
495413
538B.89
S34eT4
488418
455,39
505479
393431
553415
T64443
628406
699417
795.85
736418
63138
TaTe29
Td3.78
692.94
Tl5461
627456
80%:13



- Table 1B {Continued)
502 l2£%, 6s 4LTe 4600 Se1l 173, BTe 2an laft7 0432856 040190 763,61
502 1585 e 47« 400, Sel 173 ETe 2¢ 1la644 040251 040195 714427
502 1B&5g 6o 478 400e Qel 1734 8B7¢ 2¢ 14734 040270 0.021)1 749474
502 1845 o 678 400. De1 173 B7ea 2¢ 1775 0a0Z258 00207 673452
50 154¢%s b8 &7+ 400« Qel 173 878 206 1la720 Q20270 040211 663458
503 18545, 6e 4&Ta 38D Cel 173 B8s 3e 14830 04,0259 040203 637629
-503 1254, 6s LT 380. Qs1 173, g8, e 14653 040272 Q0215 577483
503 18584 6 &Te 380, Ol 173 88s 3" 14638 0402756 040218 6U5.51
503 1884, 6e 4T7e 380, Oel 173" 88s 3¢ 14732 0:0265 040206 B8BULW00
503 1z, Gy - 4Ts 38BQ. Zel 173 88« 3. 1.588 0.0270 0.0212 5463.58
503 1884, 68 47« 380, Del 173, BBe e lafd Q40277 040221 615.80
503 18z, &6 474 380C¢ 0«1 173, 884 3¢ 1e732 040270 0:0211 61i7.28
503 1854, Ge &Te 380, Oel 173 BB8s 3a 1eBID 060277 040215 74776
503 1854, 6¢ 4&Te 330 Qs1 173, 88s 3¢ 14505 040283 0.0218 839.00
504 1853, &« &34 380 Del 174 BYs & 1a733 040272 00213 6&23.86
504 1353, &6e 45« 330, Cel 174, B9e 4s 1.740 0,02569 0.0209 668,52
504 1352, bs 55, 3230 Cel 174, 89s 4o 1719 0.0273 0:0214 579427
504 18563« S5¢ 454 380, Cel 174 B9a 4¢ 16730 04027C 0.0212 _643-15
504 1B8&3. 6+ 65: 380 Del 174 89s 4o 146832 Q40266 040208 ©959.59
504 1253, 6e @5, 38D0. Cedl 1744 83« 4L+ 14560 0.0259 0.0212 652.98
504 1883, 6+ &54 328G, Cel 174, 83s fHae 14535 0402856 040221 797472
504 ies3,. 6« 45» 3B0. Gel 174 B9s 4 14758 0.02587 0.0207 694435
504 1563 6s 45e¢ 3BCe D¢l 174 BYes G 1.757 040274 00214 " TH4423
505 1257 6s O4s 380 Gel 174 83 Sa s TEB 0402560 D0199 TE2417
505 1852, 6+ 44, 380, Qel 174, 89s 5S¢ 14923 00,0273 0C.0207 1C71.73
5905 1852, 6« G4e 380D, Tel 174« ~ B34 5« L1eBI0 00278 040211 S45,.18
505 1852, 6¢ GHhGe 380, Cel 174 822 5S¢ 1le78% 00,0279 0.0218 722.63
505 1852 b6a G4a  3B0C. Cal 174, B9a . 58 14738 00275 00216 743480
505 - 13%7. Ss Gl 350 Cel 174« 89 Ge 14589 00280 0.0222 T731l.82
505 1582« &e OL4e  3BQ0. D¢l 174 B3¢ 5He 1723 00273 040214 7T54.74%
505 1BEZs 6¢ &b4e  3BOe Cel 174 B2 5e¢ 1725 040258 J4020% £89.19
505 1882 e 44¢  3BQ. Cel 174, 83s 5 1725 00274 060215 738425
506 852 6s Gh4e 380, Del 174 90s 6+ 14708 0.,0280 0.,0221 6T74.43
506 1862« Se 44&a 380, Sel 174 G0s Ha 12722 040275 0.0217 TS3.88
506 18224 bs 8Le 380, Cel 174, S0 6e¢ 1a85%F 00,0281 00224 633.88
506 1882, s 844 380, Cal 174 93 Ge 1471 0.027) 0.0212 TUG.65
5056 1262, Ge Lhe 330G Cel 174 90, b 16690 00277 De0219 63V.11
50686 1252 6e¢ B4y 3800 0el 174 90s be¢ 1730 00281 J.0222 £33.838
506 12382 6a H4e 3280, el 174, 904 bs 1,702 00,0285 2.0227 623,27
506 1282, Ee Lfhe 380, Cal 1744 90« He 1,713 040285 040227 553.15
506 1852, 6e oba 380, Cel 174 90s Ho le733 04029C 0.0232 535,08
511 1863 6« Gle 38Qs Sel 177 98s le 14656 0.0268 0.0210 £3%.19
511 1853« 6e &Gle 380 el 177, 98s le 1le635 060250 00203 7T32.25
511 183, 6a 4Lls: 330. Csl 177 98as  le 1e531 Ga0273 240217 645,98
-511 1223, Ge &ls "3B0. Cel 177, 98s lo 14655 0s0258 00211 625.53
511 18532, 6e 4le 380, Sel 177 98s 1ls 14635 Ga0255 0.0198 743,94
511 1853, 6e £ls 380, Ce) 177, 98s le 14837 060273 00215 6864417
511 18483, 6e &lea 380, Oel. 177, 98as  ls 14651 0e0272 040215 653,86
511 1863 6e 41le 3BO. Del 177, 98s la 14528 00260 040204 6324490
511 1852, 6e &le 380 Cel 177 98s le 14528 040262 00207 6J5439
512 1581, 6 G249 380G Cel 176+ GBae 2s 18596 060281 0.0223 654563
512 12383 6s 42 380, Del 176, I8 2a 14875 000275 (00218 669442
512 1851, 6be G424 380, Cel 176 G8: Z2¢ labs? 0.0273 0.0216 632,98
512 1821, 6s &2e¢ 33C. O« 176 SBs  2e 1e6FT 0e35250 040202 732425
512 1851, LY} G52 380 Gel 176 S8 2 1677 Qec232 0.0174 9&les7
512 18&1. 6« 42¢ 330, Jal 176 G8s 2¢ leb4T 0602546 060197 7T45.81
512 1853, be 42s 380 Cal 176 S8, 2a 1e673 002565 040208 633486
S1z 1851 6« LZ2¢ 380 Tel 176 G2 2 16553 003249 (40192 683451
51z 1851 Ge G2s 380, Del 176 S8s 2¢ 14573 040264 040207 629452
513° 1850 G+ G2s 330 Cel 176 988 3s 14723 043280 040221 674443
513 1852 &s 824 390 Gel 176 S84 "3a  1eHTI D40271 0.0214 719497
513 1852, 6 H2. 390, Jel 175. S8a 3. 14549 0a0283 0.0226 5389.97
5113 18590, be 428 330 Oul 176 9%« 3w 14625 040256 00210 657479



Table 13 {(Continued)

513 12E3. Ga 42« 390 el 176 98s 3 14672 ° 020250 0.0193 7T38.00
513 1853, b6 42, 39C, Cel 176« 98a 3¢ 1687 0402270 00,0212 632472
513 1262 6 &2 390, Jel 176 P8¢ 3 14659 042285 00,0228 581.72
£13 12gn; &s 4L2¢ 3290 Dal 178 98s 3 lebt9 Jod258 060211 TO4eB5
513 1840, Ge BH2e 390, Os1 1760 98a 3¢ 1717 083270 00211 6351485
514 1860, G« 43¢ 430, Osl 176s 1008 4o  1ab92 0403259 0.0211 792490
514 18&0. &e 4324 430 Dol 1764 1304 -de 14655 -040255% 0.0207 807408
514 1880« ¢ &34 430, Ol 1764 100e¢ 4e 14634 040270 0.0214 679491
S14 1850, Ge &3s 400 Oel 176e 120 &Ge 1e557 040262 040205 72111
514 182, Se 434 400, Del 1766 130« fa 1a667 042272 00215 6869.06
514 1850, Ge L3 400, Osl 175¢ 100+ 4o 14558 04271 00214 5357442
514 1280 6es 432 400, O0s1 176 130« 4ea 14684 043246 Q00188 B81l7.97
514 18580, 58 42. 400 Oal 175« 31004 Ge 14665 049255 00208 5884386
514 1253. 6e 4L3: 400w Del 178¢ 100s be 14659 040228 0.0211 689:19
515 1R&D. He 456 400. Jol 176e¢ 104e 5o la673 040250 060193 813.900
515 1E2£0. s 45 400 Cal 176e 134%e¢ 5o 14673 049231 Qe0194 857413
515 1850, Se¢ 454 400, Del 176¢ 1046 5a 14634 040249 0.0193. T23.23
515 1289 6e¢ 55 400 Osl 176s 1044 5¢ 14657 0a0272 040215 663406
515 1823, e &3¢ 400 Sel 1766 1344 5 14709 049254 040205 694,09
515 12&9. ¢ 45¢ 400 el 176« 1J%e Be 1e652 040255 000209 651489
515 1883, &s 45 4900, Qel 176 104« 5o 14658 043273 040216 649408
515 i8£0, Es 454 400, Cel 176¢ 104e 5S¢ 14631 040261 00,0205 594,53
515 1822, S¢ 450 400 Del 175e 1348 5Se 14629 05,0257 00,0211 &31.23
514 18£0. b 454 £000 Oel 176« 126¢ bHe 14702 043251 0.0233 571.26
516 18£70,. 6 454 40Ce Del 176s 106e 6= 14695 (040239 0.0231 619.50
516 1250, Be 456 400 Del 176e¢ 10He 6He 1654 002746 040217 554444
516 183, Se L5 400 Dal 1758 135. 5 1651 040278 (40221 52404
516- 12&0. 6e 4658 400 Del 175a 1256 Ha 14654 060271 040214 64337
516 18&0s Gs  45¢ 400 Oel 176e 105+ bBa 1.660 063272 0.0215 523.45
516 1562 6a Lbs 420D Cal 176. 106c¢ 6o 14669 003886 0.0249 334447
516 12529, Se L&Eg &00. el 176 1068e 6e 1.659 0.02%8 0.0239 430:56
516 1250, Sa G5, 400 Jsl 176a 136s Ge 14654 0293 0.02386 632445
601 1£52a G&s 25. 300 Gl Tba 85« 1l le71l4% Q0284 00225 753,20
601 18£2, 6a 25« 290. Dol T8 BBe la 1696 Ded276 Q2218 T82.73
601 1852« 6e¢ 25¢ 80Q0. Cal 76 85s la 1e723 040284 0.0225° T67.15
601 1B52, S5« 25¢ 800, 0ol 76 85« le 14679 060282 00211 777435
601 18£2,. 6« Z5&¢ BOQD. Tel -7 B5«¢ 1lsa 1a658 0Ca02586 040209 T735%
601 1252, G 25, 3C0. Cal 75 85+« 1la 1.660 DaJ265 040208 736492
601 12s82,. 6s 25s B0Q. Oel T6e B5s le 1:658 040252 00205 737.52

601 1882, 6s 25¢ 800« Cel TG 85e 1ls le64B 040257 0.0210 741470
601 lEEZ. Ge 25 800 Qsl T6e B5e 1l 14658 020276 0.0219 733442
602 12821, e 254 800, Jel 75 B5e 2e 148658 Je0251 040194 923456
602 12z, 6¢ Z25s 830D De1 75 B5¢ 2¢ 14696 043285 0.3207 881410
602 Z&le S 254 800 Ol 75 85, 2e 1,710 00250 0.0201 832.03
602 1851, He 25« BDQa Qa1 754 B85+ 2e 14715 040254 0e0195 941453
602 1221, &a 25+ 300 Cal YE 85¢ 2« 14712 040286 040197 944414
602 1251, s 254 BOOG Oal 75 35« 2. 1683 049258 040200 873485
602 1851, 6e 254 8L0a 0.l 75 85, 2& 1737 0.0255 (Q.0195 915.%6
602 18281, Se 2%« 800 Osl 75 B5a 2¢ 1e732 040258 040199 B8L5,05
602 1351, 6¢ 25 200 Cal T5. 854 2¢ 1a718 0$e3253 060199 563435
503 1lza0, Ge 25, 850 Del T5e 85 3e lig&s Q40275 0eD219% 783443
603 1853, 6e 254 200, Del 75 B5s 3 l1e696 00270 040212 8U2e47
503 1557, 6s 2%« B20« Dl 754 854 3 14675 062275 0.0218 728.93
603 1553, Y] 25 830, Dal 5. 85. M 14747 00282 040220 317.9a
603 1250, He 25¢ 800« Osl 15 B5« 3¢ 1a728 040277 040218 B8E0¢H0
603 1320, 6s 25« 830 Osl 75 B85« 3+ 1le702 00270 0.0212 8844290
603 1253, &G« 25+ 3CD. Da1 75, 85s 3. leb697 J40288 040210 3592481
6503 13630 6e 25« 300 Tel 75 85« 34 1a717 040255 00205 317402
603 1853, Gs 254 BOO. Dal 75 85e 3e¢ le722 0402582 060203 3803461
604 1251, ¢ 25. 8D0. Os1 76 B9« 4s 1le682 0a025685 00207 752434
604 1851, G 25, 830, Cal T6a 85« G le699 Q0275 040217 723433
&04 151, 6« 23« 8C0. Sel 76w 85¢ 4o le697 V20285 040228 673493
504 1851, -6¢ 254 3304 Qul Tha 35s 4¢ 1801 049271 00209 9565406
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&04
604

604

604
604
605
605
605
605
&05
605
605
605
505
606
606
606
606
606
606
606
606

701
701
701
701
701
701
701
701
701
702
702
702
702
702
702
702
702

703
703
703
703

703
703
703
703
703
704
704
704
704
704
704
704

704
705
705
705
705

1861,
1861,
1861,
18461,
1861,
1841,
1861.
1881,
1861
1861,
18561,
1861,
;8610
1861,
1861,
1861.
1861«
1861
1861,
1861,
1861
1861

"i861.

1595,
1595,
1595,
1595,
1595,
1595,
1595¢
1595,
1595
1590,
1599
1590,
1590
1590
1590,
1590,
1590,
1590,
15804
1580,
1580,
1580,
1580
15804
1580,
15804
1580,
1580,
1580,
1580,
1580,
1580.
1580.
1580.
1580
1580,

. 1580.

1580,
15380

1580

12,
12
12«
12.
12s
1z.
12,
12.
12,
12
12,
12
12
12«
12,
12
12,
12,
12.
12
12
12.
12,
12.
12.
12,
12.
12.
12.
12

25
25
25
256
25
25
25,
25,
25
25.
254
25
25,
25.
254
25,
25a
25.
25,
25,

254
25,

25,
484
48
484
48,
484
[
48,
48,
484
48
48,
48,
48,
48,
48
484
48
48
48
48,

484"

48,
LB,
48,
4Ba
48
48«
474
47
47«
47,
47
47
47
47
47«
474
47
47«

474

800.
803
B0O.
800«
800e
800
820
800,
800,
200,
800.
BI0s
800s
300,
800Cs
800.
800,
800.
800,
200,
8004
800,
800
8§20
820
820

T 820,

820
820,
BZCas
820,
820
820,
820,
820,
820,
820.
820
820.
820Qe
820,
B82Q
3204
820
820
820,
B2C.
320
820
820,
820,
820,
BZ20.
B20.
820,
820,
820
820
820.
B2Ca
820,
820,
820,

0.l
0.l
0ol
Del
0al
Qel
Cel
0.1
Qel
o-l
Cel
Dal
0.1
Oel
Oel
Qa1
0.1
0.1
Qa1
Oel
Qel
0.1
Os1
1640
16+0
1640
16490
1540
1540
1640
15640

1540

1640

1640

16.0
1540
1640
1640
16,0
1640
16.0
1540
16.0
16.0
1640
1640
1840
1540
1640
1640
16.0
16.0
1640
14.0
16.0
1640
1540
15490
1640
1640
160
1540
1640

Table 18 (Continued)

76
T6e
16
76e
766
T6e
T6a
76
16
164
T6e
T6a
76
76
Tba
76
76
Tbe
76
75
76«
T6e
760
177
177
177
177
177
177.
1776
177
177
176
176,
176
175,
176
176
176
175
176
175
175
175
175
175
175
175
175.
175,
175
175,
175,
175
175. -
175
175
175
175.
175.
175,
175,
1754

11

B5.
B85
85
85
856
86a
86«
86
8be
86"
86
844
860
86,
87
87.
87
87,
87
87
87
87,
BT7e
93
93.
23
93a
93,
S3,
$3e
G3.
G3.
95,
S5
954
95a
95.
95«
85
95
95
97+
97
97«
ST
97
97

© 97

97
27
97
97
97
97
97
37
97
97
97
97
97
97
97 e

Le
ba
e
beo
4o
Sa
Se
Sa
Se
Sa
e
Ba
Se
e
be
Ge
Gs
Ge
Be

Ga*®

Ge
G
G
Lla
le
1.
le
le
1.
le
le
1.
2e
2

2e

2
Ze
2e
2a
2
Zs
3.
3.
3.
3.
3
3
e
3.
3.
44
bae
Ge
La
be
Ge
4e
Ge
He
Se
Se
Ss
Se

1732
15694
1,683
1732
14692
1703
1.703
1.701
1750
l.750
1705
1.7132
1.708
1.704
1.638
14667
le668
1681
1.705
1.653
1.665
14655
16062
1.568%
1518
l1ab44
1.692
o727
1.752
1e723
14633
1.728
1665
1.728
1,520
1.703

1.767

14704
l1.701
14629
1.700
1.714
1.692

-1.701

1.761
1+825
l1.838
1.7467
1.687
1.792
1.710

*le877

le654%
1.700
1.680
1.728
145659
l.664
1-644
14666
1.625
l.679
1.631

0.0251
00272
0.0270
£+2266
Del275
040282
0s0282
0.0290
0.0285
040281
0.0283

020269,

040280
02272
310254
00253
0:0252
CeU255
00278
040264
C«0264
00271
Ced273
C.G322
040313
0s0325
Ge0318
CeG317
0.0325
C.C321
0.C323

*Ce0318

0.03156
240303
0.,0311
03310
0.0318
00323
0.5301
0+0291
$«0310
Ce0310
0.0293
0406323
0«0322
00328
(G328
Q0324
0.0318
00324
2.0310
0.5308
00312
040320
040291
0.0309

O.0320"

G«0318
CaV313
040319
0.0327
0.0314
00315

0.0192
0.0214
0.0212
0.0207
0,2217
0a0224
00224
0.02322
C.0225
0.0221
C.0225
0.d210
0.0221
0.0214
0.0198
0.3198
Cs+D195
0.0197
0.0220
0.0207
0.0207
C.C214
Q0.0216
Q.0264
0.0258
0.0269
0.0258
0.3258
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1.718
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YaT767
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1.727
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626.89
505489
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584,415
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523,43
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. 435,13

390.10
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635415
&35.04
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366.92
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433421
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TASIE NO, 5A
Strength Data Variable Designation

Number Main Variables

Var 1 Temperature

Var 2 Belt, Speed

Var 3 Dew Polint

Var 4 Atmogphere Amount

Var 5 Plaque Spaciﬁg

Var 6 lst Water Zone Temp.

Var 7 2nd Water Zone Temp.

Var 38 Piaque Sequence

Var 9 Thickness

Var 1O Response strength w/o Interactions
Var 37 Response strength with Interactions
INTERACT IONS
10=5x7 19 =6 x 7° 29 =3=x8-
11 =5x 8 20=2x5 30 =3x 9

.12 =5x9 21 =6 x 8 31 =4 x5
13=1x%x5 22 =6 x 9 32 =8x 9
4 =1x86 23 =2x8 33 =4xT7
15 =1x7 24 =2 x 9 34 =4 x 8
16 =1x38 25 =7 x 8 35=46x9
17=1x9 26 =3 x5 36 =56
18=2x3 27 =3x 6

28 =7x9

25



PLAQUE STuUSY STRENGTH W/0 INTERALTISNS TABLE K0, 5B REGRESSIGH DATA

CONTRQL CA=D WSZD FOR THIS REGRESSICH
1310 9 7 2 2300 04022 0 0 31002 9% 9 $J10 OO

TRANSFQRVATIONS SPECIFIED S0 TLIS FEERISSION
91212 1 $1215 2 7121219 7371210 1 313 2 : 910 O 11337 O

CONSTANT (2325 USED IN THIS REGRESSICN
leleb JelID

CODING MAX+s VARIASLES IN NUHERICAL CROER

1568.000 12.000 5443090

222.000 16,020 1804000. 112200 64000 04034
CODING Mxx., JARIASLES IN NUMER? CROER )
1575.0 209 20 oOOO 2204230 Ca120 724000 B3.3335 1.000 Je023
AVERAGES
VARL 11= 042959y VAR( 2}= =0.2241s VAL 3)= 043955, VAR( 4]= ~0,2853
VARL 5}= ~240775s VAR( &)= Cacléls VAR{ 7= ~0e2312s Bl= Ueud0is
VAR{ 3i= 040378y VARI10)= S04.252% .
STANDARD DEVEATIONS
VARL 13= 0.8335¢ VARL 2)= AR( 3)= €e5909s VARL &)= 049235
VAR 5)= 2.5976s VAR[ £}= AR( 7= Cei987s VARL 81= 045802
VAR{ 9i= 043388 VARIID}= - . - N .
SIMPLE CORRTLATION COEFFICIENTS
VARSL 1+ l)= 11030\131! VARS] 1+ 2 1788 1y 3)= 04545688+ VAS{ 1y &lz= =0,293629
VARS( 1s 5)= =3.252342s VARS( 1, = 3441, 1s 73= 04497880+ VARS({ 13 3)= 0006533,
VARS( 13 1= —):584423) VAXS! 1515 £7156 -
VARS( 2+ 23=  1.003031r vARS{ 2, 3! 3434, 2y &3=  £.1899254 VARSI 2+ 51=  Qu221655s
VARST 23 61= 3,120BE2s VARSE{ 2, 7 7708, 2y 31= =0.000J004 VARSI 24 5= GeJiek73,
VARS( 2+19)= =2.351253
VARS{ 3s 31= 1,008021s VARS( 34 &} R5454 3s 31 0.221471s VAESL 3» 51=  £s279252s
VARS{ 3; 7)= 5,340%37, VAIS( 3, & 3R23, a1 §l= =53,23064254+ VARSD 3413502 - 2.217332
VARS( &4¢ &3= 3,303031s VARS( Ar 3 5235+ A4 Bi= (e525L11s VARS[ &y Tiz =D0e172018s
VARSL &y )= 2,021573s VARS( 44 9 £1033, 49131z =D,264735
VARSE S5» 5=  31.920021y VARSI 531 = 2819, S Tiz  De0043Thr VARSL 5 31=  0.0127Z0
VARS( 5+ 317 2.3532875, vaxi{ 513 50335 .
VARS( B¢ &1= 1.000051s VARSL 6+ 7 121112, &v Bl= 0.,001T13: VARSI &3 FI= D.0859945,
VARS( 6s101= =3..51375
VARS( 7» 7)= 3.530001+ VARS( Ts Bl= C.127950, Ts 9i= =0.155001s VA<S({ T3101= 0.103345
YARSL 8s 5}= 1.000201+ YAAS( 8+ $l= Z.05L459, g1181= —0.838054 .
VARB( 9y 91= 1.000081, VARSI 92191= ~ 1835284 .
FOR ANOVAs TOTAL SUM OF SQUARDS= 2250258840546
STEP NUMBER E .
STANDARD £3 StimasEio VARIaSlE 7
- -
gg%E{P§§ [l N COEFF] ;-3;: IDUAL S55s BY AJTN OFVAR. 55Q= 3297924,5053593
NE o s : - B
CORSTART TEaus ' ‘47228888 3
VAR SIB Dzv BET.. CO=FF
1 & 3,54
Qub1a}
% 2 13'5"- =2430%7
4 ry 05 2255
5 3 Sal 263671
4 3 a2 =54343d
2 3 7'90 ~041333
8 2 +31 040172
g a 1322 ~0.023i3
1.58 =Det&iia
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PLAGUE STubY STREGTH WITH INTERACTIONS
CONTROL CARD USED FOR THIS REGRESSION

TABLE %0, S5C HREGRESSTION TUTA

1337 033 2 0.000 0.000 G 0 51000 00 0 DUQO 0O
TRANSFORMATIONS SPECIFIED FOR THIS REGQESSIO% -
91212 1 910 71212 371210 3i0 0 610 5 7 611 & B 612
613'5 3 ala'l & 615 17 18t iR i3 S 42t 3619 & 7820 2 % 621 6 6
822 6 5 633 3 8 624 5 9 655 7 5 834 5 3 835 36628 7 9622 3 8 630
631 4 5 632 8 9 633 & 7 634 4 8 635 4 § 634 5 5
CORSTANT CARDS USED IN THIS REGRESSION
1,125  0l100
CODING MAXes VARIABLES IN NUMERICAL ORDER
* 18684000 12,000 54,00 820.000 16000 1804000 112000 6+000 _ - 3% 1
964000 82528 29820003 235700.353 2085804031 11196.001 524857 6484000 201604953
1086900 5.915 +393 6124000 864.000 94504081 3.270 318
131204901 82152 59605:015  a925:382 274305  2880.000 :
CODING MINu+ VARLASLES 1N NUMERICAL ORISR -
15754000 2049990 333.900 D100 724000 §2.020 1200 9.
8:300 §:863 1612000 190924000 130004000 15954030 9335 120,000 6375.000
724030 1.882 135 834000 3:200  1803.033 2133 . 204009
38.000 0:635  19008:090 3894000 B.816 74199 )
AVERAGES . -
VARL 1I= 0e2959s VAR{ 2)= ~De2241y VARL 3}= 040955+ VARL 4}= ~0a0853¢
VARL Si= 040773+ VAR &)= 80,0185 VAR(_Ti= =042512) VAR( BI= 040000+
V&Rl 51= D+0378+ VAR(10)= =~042255: VAR[1l}= =Je4539, VARI12}= -0u1975:
VARI13)= =~0el=38s VAR(1H)=/ Q#3451 VAR[1E)= QeS612¢ VAR{1S)= ~Qs0445
VARI17)= =0a0220y VAR(Ig)= 043653, vaRildi= =Je1548) VAR{ZD)= ~04¢2257s
VAR[Z1}= -01233%, VAR(22)= ~0.0555s VARiZ23)= ~0:23853 VARIZa)= -  ~D42087)
VAR{25)= =~0.1552¢ VAR{Z26)= ~042983, VARIZTI= =341192s VARIZE)= ~040229 s
VAR{ 29}= =-042227, VAR{30}= Ga05%4s VARI31)= ~D41764s VAR{32:= ~Qs1136s
VAR(33}= 0e105671 VAR{34}= ~0.255hy VAR(3E)= -0e1322s VAR(35]1= ~0e1782+
VARI3T)= 50442524 . .-
STANDARD DEVIATICHS -
VARL 1}= 0e8333y VAR( 2}= 0497524 vAR[ 3i= 0.5909y VARL & 04923514
VARL 5= 049576, VARI §)= 029185, vaRi 7)s Ce49ETy VARI & 046802
VAR §)= $e3358, YAR{1D)= 0«84G%s VARILY)= Qs 6986 VAR{12 048E89s
VAR{13)= 019294y VAR(141= J45335+ VARI[IS)e 242050, VARLIZ 046339,
VAR{171= 0s2504s VAR{18)= Q.5%15s vaARL12)= 07057y VAR(IZD 03222+
VAR{Z1]= De5515, VAR(22)= 047315, VvARI[23]= De55156s VARlZal=z 0.6737s
VAR{251= 045535, VARIZE]= 0+£8325s VARIZT)= C.5B53s VAR([23:5 0.4304,
VAR{29)= 9:5223, vaz(301= D.53525 VAR(31)= Qe92521 VAR[3Z2i= Q45816
VAR[33)= L725s VAR(34)=2 045561 VARL3S)= 0e6777+ VARI361= 045283,
VARL37)= 17909382
SIMPLE CORRELATION COSFFICIENTS
FOR ANOVAs TOTAL SUM OF SQUARES= 2250286840566
STEP HUMBER 29 . gETER V§§1§?$§519
= [ - = -
STANPA30,E5R3 OF =STIMA $33380, RESIDUAL $5Qs BY ADDN OFVAR, 55G= 226515750058593
MULTIPLE CORRELATION COTEFICIENT = ~0g5:833 S
GOODNESS OF rFITsF(__29) 66 20541817
CCASTANT TERM= 385.345558" ]
VAR COEFF S10_DEV T VALUE BETA COEFF
- .
. 4526758 107-9656 442923 241518
L 4824558038 87+6258 w3el11Z ~048440
3 11a.552245 $646055 1.1833 - Ca3751
% ~209.258797 12243500 ~1.68%3 =1e0763
g £924354552 155,54388 3.7287 242393
9 523974915 15143716 " 240076 3.5101
10 . 264575225 70242776 0.3313 Gejlas
i -35.198542 ig.Beeg -1.3251 ~D.1405
2 -29.104355 83,0657 043305 =0e1405
3 «358,222331 220.9790 . ~1.82i0 -1,8503
5 ~289.033272 23842432 " =0.7013 -343294
& ~260209157 11143417 =2a.157% ~0sE853
7 ~563,265439 1747753 -3.4232 -0.5325
8 ~102.236511% 11547066  =0.8523 -9,3529
9 ~1,7433%a 35,0351 -C.0ig3 ~0sG0a3
21 45,50393% 25,8928 143278 De.b78
22 1544521673 5549518 126159 0456285
23 554701715 38,3707 1.4332 GeiT)
24 191.142025 162.1321 1.8735 Q41210
5 ~208.0016%2 $5.3578  ~2.1812 =0e64b8
25 3664768921 93,7426 3.9135 146359
27 =259,578451 109.0200 ~2.3810. ~3.9910
28 =37.319000 11443618 -0.3253 -0.0893
29 13.1375338 £648701 042025 . Qe0381
31 2194359565 9647032 =2.268% -1.1280
33 w2 724267250 9344037 =242}e7 =0.58J0
EE] 493866761 279.2557 1.7455 ie2973
£ 504631635 40,6820 ~le2aied ~041592
35 2T1T+295410 732918 3.7834 1.4306
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TABLE NO, 6A
Free Volume (Void) Data, Variable Designation

Number Main Variables

Var 1 Temperature

Var 2 Belt., Speed

Var 3 Dew Point

Var & Atmosphere Amount

Var 5 Plaque Spacing

Var 6 1st Water Zone Temp,

Var 7 2nd Water Zone Temp.

Var 8 Plaque Sequence

Var 9 Thickness

var 10 Response void w/o Interactions

Var 37 Response void with Interactions
INTERACTIONS

10 =5=x7 19 =6 x 9 28 =3 x 7
11=1=x3 20=2 x5 29 =3x8
12 =5=28 21 =2 x 6 30 =3x9
13 =59 22 =7 x 8 31 =4 x5
4 =1x6 23 =2x 8 32 =4x6
I5=1x7 24 =2 x 9 33 =4 x7
16 =1 x 8 25 =7 x 9 34 =4 x 8
17 =6 x7 26 =3 x5 35=4x9
18 =6x38 27 =8x 9 36 =5x6
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PLAQUE STUDY FREE VOLUME X 1000. W/0 INTERACT IONS JABLE ®0. 6B REGRESSION DATA
CONTRSL CARD USED FOR THIS REGRESSION

1310 73 0.000 04000 0 0 51000 00 0 0010 00
TRANSEORMATIOAS SPECIFIED FOR THIS REGRESSION
9.010 1 99§ 22 53710 9 1 813 0 1 910 0 91037 3

CO&STAHT CARDS USED IN THIS REGRESSION
+100 0-0031000-000

CODING MAXes VARIABLES IN NUMERICAL ORDER

18684000 124000 544000 820000 1564000 180,000 1124000 6000 0034
CCDING HMlINes VARIABLES IN NUMERICAL ORDER
1575000 6000 20.000 3B0«000 Qal00 724000 £3.000 1000 Ce023
AVERAGES
VAIL 1= 0e296%y VARI 2)n 02241y VARL 3) 0e0555s VARL 4= =0e0853
VARL 5)= =0a0775y VAR{ 6)n 007814 VARL 21= =002812y VARI B)= 0:0000,
VARl 2)= Cs0378y YAR(10)= 23+0075 -
STAVDARD DCVIATIQVS
li= Q43355 YAR( 2)c AR[ 2= Ca590%s VAR{ &)= 0a9235,
VA?( 5)= Q2075 VAR &)= 0.9185y VAR{ T)= 0e85871 VAR(I Bl= D+6802s
vaprl 9)a . Ds3385y VARIIO)> .
SIV3LE CORRELATION COEFFICIENTS
VARSL 1v 132 1.00030is VARSI 1s 203 0.261788s V& SI 1+ 3l= Da5456889 VARSL 19 &)= ~0,293529
VAZ5L 13 533 «0,262343; VARS( 1 &)= ~Jel12844) s VARSL 19 7l= OQ.407283s VARSI ly 8)= 0.004503s
VARSL 11 Q)= 04564425, YARSE 1010)x =0¢H585%5 "
VAZSL 2% 21=  1.903301ls VASS( 2» 3)= 04632436 VARSL 25 &l= 041899250 VARS{ 24 5} 04221655y
VARS! 2y &)= 04100853y VARSE 2¢ T)= Q457770334 VARSI 2y Bl= =04000230s VAIS{ 2y 9)=  0e064475,
VARST 29]101= D.043512 - -
VA;SE 3 3= 1.0CC331s WARSE 34 4)= =~Qs118545, VARSI 3y 3)m D,221471, VARS( 3+ 6)= 04279250
VARSL 39 Ti= Qe54%437s VASS[ 3¢ 8)= (.018823, Yi35! 3y §)= =09 230325y VARS{ 3+10}= =D.235942
VAREL 44 4)=  1,200301s VARSE &4 Si= CebHB0235 e VARSI &y bl 5,523411) VARSL &s Tla -0e172018s
VARST Gy BY= Qe931573¢ VARSL 49 9)= 04261033+ VAZS{ 4910)= -0,262328 ,
YARS( 59 51a  1,000081s VARSL 5y &)= Ce35BBIGy VARSY 5y T)l= 0.0643Tayr VAISL 54 Bl= 04012720y
VASS5( S 9Fx Qe382525 VkRS( 5210)= Q.383C20 .
YASS( 6+ 612 14060031 VARS( 69 )= 0e1011124 VARSI 6y 8l= 0,001713, VARS! &6+ 9)= D.0B99454
VARSL 6010F= Da032333 N
VARS( 79 Ti= 1.00C8231 VARS( Tv 8= 041270504 VARSL T4 %i= =04155301s VARSI 7+10)= =D,147108
VARST B B8)= 1¢000001s VARS([ Bs G)= (4054480, YARSE 8¢10)5 04053120 N
VARS{ 99 9]= 14000003 » VARSI 9310}= (e994845
FOR ANOVAy TOTAL SUM OF SQUARES= 233745185
S5TEF NUMBER o9 ENTER VARIABLE 2
STﬁh?ARg ERROR OF ESTIMATE= 13“34 e
0«0000y RE Y
MULTIPLE coaq:;unou SOEEFICIENT = 0994581 IOUAL S5Qs BY ADDN OFVARs $5 232620201
GODDNESS OF FITsF{ % 758340722 - ) -
CONSTANT TERY= 220337989
VAR COEFF SIgEEEV T YALUE BETA COEFF
A

1 =(04031358 001467 =-241304 =0s0142

2 =0« 00007 DsQ140 wQ40005 =0+D000

2 =0sJ38120 Q02867 =latlai ~0e0122

& 04000225 D.0]163 0e0137 0:000]

5 02005578 040132 Oeb421l 0.0030

&5 0202588 C«Cl117 Oe3151 0.00i%

7 043656058 040210 Jela37 Q40173

8 =0+206828 0.0126 =Qe6440 =Q.0025%

s 54326005 020337 173.1565 09840
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17924000
1924000
‘10574

54915
3184000

TABLE N0, 6C REGRESSION DATA

RICTAL ORDER
380000
- Qei30
3304000

20.000

04002 100060+Q00

£S5 IN NUM
54020
10000.000

USED IN THIS REGRESSION

CARD USED FOR T
033 2 0000 04300
9
02003
T ABL

131 99

04100 .
CODING MAXe» VARIABLES IN NUMERICAL ORDER

CONTROL
CONRSTANT CARDS

1337

PLAQUE STUDY FREE VOLUME WITH INTERACTIONS
CODING MINs VAR
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Nunmber
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Var
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Var

1
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10

Var 37

INTERACTIONS

TABLE NO.

Thickness Data Variable Designation

Main Variables

10
11
12
13
14
15

ko

16 =

17
i3
19
20

N - NNV R RV
MoboM MMM MMM NK
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Belt, Speed

Dew Point‘
Atmosphere Amount
Plaque épacing

lst Water Zone Temp.

2nd Water Zone Temb.

- Plaque Sequence
Weight :for 2 sq. in.

Response, thickness x 10 w/o Interactions

7A

Response, thickness x 10 with Interactions
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PLAQUE STUDY-TPICKAESS X 10, RESPINSE a0 INTERACTIONS TABLE AD. 7B
CONTROL A0 JSED FOR THIS REGRESSIO.

1310 J 1 3 Jew03 24000 O 0 SIOCS Y S 5913 90
TRANSFORZATIONS SPECIFIED FOR TH1S REIGRESSION
1 813 0

- CODING MAXes VARIABLES IN AUMERICAL ORDER

18684232 12300 544000 820302 154000 152,000 112.vad 6000 le%23
CODING YIxes VARTABLES IN \UVERCAL ORIDER .

1575.270 6000 224303 330.00) 24100C T2+003 Biswdv 14320 1335
AVERAGES .
VARL 1i= Q+2959+ =0.224Ls VaR[ 3)= 040955+ VaR[ &)= ~3aUB5 3y
VAL 51= =0e07T5 VelTB1la Vani 7)= =UsZ2E12» Vanl 31= e Q00
VARl 91= =3.4179 042839
STANDARD 2SVIATIONS .
VAL li= 0,331358, 043752 V...{ 3)= 03529 V... &1= J:49235,
VAL Bl=x Ca59751 245185 Waxl 73= Je6587s Vonl 81= web3J2s
VARL 9= 042557 23183
SIVPLE COIZTLATION CIE 5 -
VARSE 1s 13= 1.803001 1r 217 ZeZ261738s VaxS{ 1y 3= D.545638y VautSIl 1y &)= =0,293562%9
VARSI Xy 3)= =0.252342 S{ Yy )= —LeiZEebls S350 1y T)= 0073809 vAISE 14 3)=  Ded365335
VARSE Ls Si=  2.0724%2s VARSL Za12)s =l.551249 B .
TVAIS( 2y Z¥= 140323031 VAISL 2y 2)= Jp932835s VaxSI{ 2 &)= $42399259 Vaxdl 29 51= 04221855
VARSL 23 &)= £,1308433 VARST 2y Tle weSTTI08s VaSL 2y 2= =0, udddr vARS! 29 9)=  Q.0leT31s
VARS] 2s10 Da054260 Lt N
VARSI 3 21=  1.00J0CLls VARSL 3y o)1= =0.1185585r VauB{ 39 51= 042214871y VeuSL 39 6)= 04279239
VARS( 3y 7)= QD.56T437, VARSZ] 39 §12  +eQlE323s VaRSL 39 21 Va Thd82y vARDLL 3310)= =0eglva2l
VARSI & & 10032231 VARSI &y 5= Le5288230 WanS( 4 _5)= 045238110 Va3l 4 Tz =gaiTdulds
VARS( 4y = 24021573y VIZ8{ Gy F1= =le228270s VxSl G9l5i= 2.259421) - —n
VARSL 5. 5 145023019 VARSL S slz  Le953215+ VaRSL 50 T)= 842063 Thy Va3l 5 3)= 043127230
YAISL S S¥= —3.213574s FAASE $100= L.3HISS9 )
VARSI 5y £3=  14000uvlls VARST £ Ti=  Se101112s VAR50 69 851=  J.001713s YASS( 63 F1= =D4932252y N
VARSI £+12)= J.085581 _ .
VARSL 7y 73=  140U5U00Ls VARST Ty 21= Sal272500 VaIS( T9_31= =0.097314s Vas<S{ T9i0)® =0.154625
VARSL 29 23= 140C300Le VAIS{ 8+ Q)= 5a015599+ Va<5( 5+10)= H,.064243
VARS( 99 F)= 140230009 VARSI F9+22)= 14056112

- FOR ANOVAs TOTAL SJM OF SSUARESs Ce2348
STEP NU/3Z2 9 ENTER VARIW2LE 7
STANDARD SR JF ESTIMATE= GeQ1232 ~ - _
VARL 71 357= e JaddC3s _L2S510Um. 35 v WY LOD. FVe e« &5 = 0+1v32184
MULTIPLS C3RELATION COEFFICIENT = 474250
GOODNESS 5 =i{TsF1{ Yy 536]1= F3.5829
CONSTANT TERV= J«295857 '
VAR COEFF szg_ggv T Vaulg g7 CO=FF ~
. =rr

L ~04313362 D.0728 ~=15.5627 ~Je63T4

2 Qe305331 J+02C3 be3727 Qa3 ¥4

3 =0+ 505431 JeLol? =3+0357 ~GelTud N

o ~Je 05347 JeJZ1D —beb6.3 ~Je2535

5 JeZ07%5D Se0%28 L BaT0LL Da2309

6 -0edJ1352 QL3227 =1e33523 ~Jeud2s

7 =Je307J11 Gavwlla =lebUin =JewIud

8- GCedJ1365 Jedio? 25276 Jewsu

9 J43505703 Jewllad 344873 Jacivd
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SLAIUT STLY = THIIAWESS TABELE #0., 7C REGRESSION DATA

33

NOT REPRODUCIBLE

CINTRIL CARD USED €0% THIS EBESSIN " "
13337 3250 2ec30 JeGde 6B Biede b @ wddD 53 T0 THICKNESS x 16 WITH INTERACTIONS
TIAVETIIUATI NS SPISIFIED F33 TrlS nEB.555Iun .
12512 21 813 © 5.0 L 2 Del 3 7 212 5 2 913 3 9 buw & 7 613 o 8 6lo.l &
£1775 3 513 % 3 519 < 4 523 2 5 621 74 0dc 37 €-3 2 § ol 2954579
379 3 5 3527 3 5 pl2 s ¥ pd9 3 F 62D 3 v w3l 4 5 522 4 H wdd s d vwid b oo |
533 &4 5 635 5 5 :
CCOING “Aves VARIABLES IN MUTERICAL CRIZR
18534300 12e339 Seady D ageusy FEPRIVE 132022 1léev-s Gedl . Ledis detlcevda
17924303 066317 294373 20162023 1oB.002) 1il53.3310 33cencl I 055.305 L 988934 1¥242J0¢
Y RS RN T N M TZes0l 2zeal% i33ec13 aduegay . FEDIewul 1regle.” 313e3.3 Yrevud
13123.037 14B169.331  35803.815  492Javul 1TLTRiSF 28804000 . .
C221x5 YIves VARIAILIS -1u ALUEIICAL ZRIIR . e .
1573420l Sevun 2oaduw 38uedal 3 72330 ETY IO le209 iab¥a 6Jsenvl
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Table No. 8A ~ Variable Designations For
Table No. 8B-E - Strength and Void
For Void Predictions:
Use Table ﬁo. 6A With Interactions
For Strength Predictions:
Use Table No. 5A With Inte;actions
Table Mo, 8B: Original Factorial Data

Column 1-9 = (L to R) =Var. I to 9.
Column 10 = Predicted Thickness x 10

Using Regression Table 7A:

Column 11 = Predicted Void x 10

Using Regression Table 6A

Column 12 = Predicted Strength

Using Regression Table 5A

Column 13 = Void x Strength

Table No. 8C: Predicted Actual Void and Strength'(L to R) Without
. Changing Levels (As check)

Table No. 8D: Same Except Plague Sequence (Var. 8)
All At 6 Level

Table No. 8E: Same Except Plague Sequence (Var. 8) .
All At 6 and Belt Speed (Var. 2) All at 12 Tevels

Table No. 8F: Same Except Plaque Sequence (Var. 8)
All At 6, Belt Speed (Var. 2) All at 12 and Plaque
Spacing (Var. 5) All at 1 (Closest) levels.
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TABLE N3, 9 B

Regression of Table 9A Data For Veld X 10
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TABLE 9 D

9 A

Variables Same As Table No.

Predictions Using Tables 5 and 6 Regressions.
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High void levels, 2 and 5 already at desired level.

High strength levels, 5 already at desired level.

BS (L) modified by changing Var.
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OBS (4). modified by changing Var.



TABLE 10A
urnace run (#90), original data priutqut - variable designation Table No. 1A
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Strength

ACTUAL

Void

- TABLE 10B
Comparison of Actual and Predicted Values of

PREDICTED

Void and Strength for Mid-Tevel Run (Table 10A)
Void Strength
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£y

PLAQUE STUDY =~ MID-LEVEL RUN [(NOW9) WEIGHT PER 2. S5Us [Ne TABLE 11 A

GROUP 1y DF = Bes 55Q = De001012» MSIVAR) = JeUuvl264 S1G

GROUP 2y BDF = Bas S5 = 0008026y MS(VAR) = Geudluvsy Sl
GROUP 3, DF =  Bay $5Q = U.003923» MSIVAR) = . UeUUU4Y0r 5106
GROUP &4y DF =  Bay 55Q = 0.003405, MS(VAR) = 0.U00425y S16
GROUP 53 DF = 8.y $5Q = 0003622+ MSIVAR) = Deguuts52y 516
GROUP 65 DF = 8es §5Q =, 0003086y MSIVAR) = OeUUUIBS s 551G
TOTALe DF = 53,y SS5Q = 060264493 MS(VAR) = 0eU0U4DY 516
WITHIN GRes DF = 4Bes SSQ = 0s023079425 8§ = Uetud48UBE
RETWEEY Gy DF = 5. SSQ = 0.00336989y M5 = 0euUD6T397
F NUYBER (BETWEEN GRe/WITHIN GRs MEAN SQUARES) = 13401

PLAQUE 5TUDY = MID-LEVEL RUN (NO+9) THICKNESS X 10« TABLE NO. 11 8

GROUP 1y DF = B8y S$5Q = V.000083 s MSIVAR) = 0.00wIlds SI6
SROUP 2y DF =  B8es S3Q = 040001629 MSIVAR) = 0eUbII20r S16
GROUP 3, DF = 84y 580 = 0000624+ MS(VAR) = UeUVULTEy SIG
AROUP 4y DF = Bay S50 = J.000160s MSIVAR] = DeUVIU2Y, 516G
GROUP &, OF = By $5Q = 0.00018%y MSIVAR} = 0e.uuuu23y SIG
GROUP . 6s OF =  8a» $5Q = UL00052 s M5({VAR) = DeLUUVGEHs 516G
TOTALy OF = 534+ S5O = 040020688 MSIVAR) = DeWUUUESy S16
WITHIN GRey DF = 4Bes 550 = DoU174245y M5 = Us duu0 3630
RETWEEN GRs DF = ey S5Q ® 0,00032638 M5 = 0eUVU06527

F NUMBER {BETWEEN GR«/WITHIN GRs MEAN SQUARES) = 1.798

VeWlldby MEAN
Jeuslo7s mEAN
CelUd2lhs vl
UeDLUGdy MEAN
Q02127 1MtAn
VeUlYndy MEAN
Oee2a3y HLAN

VeOU323 e vaan
JeQuablye MEAn
VedJuli sy MEAN

VelUAs Ty MrAd

L UGeV4 Yy pEAN

UsuUubidyy MbAN
VeUW6249 MEAN

lefb2iy
leltobb
lelsved
lel5lce
ITNENEY
le7aduo
IR L1

Vedoudd
Uecdd i
Uedidad
Cedduyy
Uedbih2d
Vee fdw
Uesclbiba

L CRA



Yy

PLARUE STUDY = MID=LEVEL RUN' {NO«9) VOID X 10 TABLE 11 C

GROUP
GROUP
GROUP
GROUP
GROUP
GROUP
TOTALY

WITHIN GRey DF =
GRs DF =

BETWEEN

DLAOU? STUDY =~ MID=LEVEL RUN (NOW.9)

GROUP
GROUP
GROUP
GROUP
GROUP
SRAUP
TOTAL

WITHIN GRes DF =
GRy DF =

RETWEEN
F NUMBER

1s DF
2, bF
3s DF
49 DF
5+ OF
6s DF
DF =

1 DF
2+ DF
3y OF
Gy OF
5+ DF
&y DF
DF =

]

Sey 550
Bey 554
84y S50
Bes 55Q
84y 550
By 55

53«0 550 =

“hBey 55Q =
Gey 855G =
F NUMBER (SETWEEN GRe/WITHIN GRe MEAN SQUARES) o

Bsy 554
Ber 55Q
Bey 550
Bev S55G
‘Bas S5Q
Bay 550
S53es 553 =

4Bey 550 =
S5a9 550 =
{BETWEEN GR+/WITHIN GRes MEAN SQUARES) = 4o4%0

04003078y MS(VAR] =
V4000133 MS{VAR) =
04000708 MSIVAR) ="
T.000156 MSI{VAR) =
0.000138y MS{VAR) =
0.000442s MS{VAR] =
0s0019473¢ MSIVAR)} =

0.00165733s MS =

0400029000y M§ =

STRENGTH X0l TABLE NOellD

Ge9221241 MSIVAR) =
1.581103 M5{VAR} =
44767595 MS(VAR) =
0.630575y MSIVAR) =
0.415643y MSIVAR) =
042785355 MSIVAR) =
1246163511 MSIVAR)} =
B+5955T867s MS =
4,02077266% M5 =

le679

DeVIIUVT s SIG
0eUUUU16s 516
0.00UVBEs SIG
04000019, SIG
0400VULTy 5iG
0+0U0055 S16
D.UOUU36e SIG

0e0V003452

Ve 0UOUSEUO

Uell5465¢ SIG
UsLl31037y 516
Deb9b949y 510
Ge.u78821, SIC
Jebl95by SIG
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Sh

SOURCE

Between Groups
Within Gr. Bet. Runs

‘Within Runs Bet. Pl.

Within Plaques
TOTAL
*90% C.L.

SOURCE

Between Groups

Within Groups

Within Runs

Within Plaques
TOTAL

Response =
Plaques =
Runs =
Groups =
Group =
' DF
7 .
12-7 =5
77-12= 65
695-77=618
695
DF
7
688
683
-618
695

**(S/Mean x 100), Mean = 1,69

Table No. 12A

i

ANOVA Details

Weight per 2 sq.in,
(9 Obs./Plaque)

{6 Plagques Per Run) 13 Runs
5 Rep. Runs (1~5) +3 Single Runs

Total Groups 8

ANOVA DETATYL

88Q
-01452 -
. 14450-,01452 = .12998
+45371-,14450 = ,30921,
1.26924-.45371 = .815553

1.26924

[

MODIFIED ACCUMULATIVE ANOVA

55Q
L01452
1.25472
1.12474
.81553
1.26924

M3

.00207

.025996
004757
.001320

MS

.00207

.001824
001647
.001320

1.57
19.69
3.60

0455
L0427
.0406
.0363

Crit. F

Coeff, Var.

e

1.72
1.85
1.24

*k

2.697%
2.53%
2.40%
2,15%



9%

SOURCE

Between Groups

Within Gr. Bet. Runs .
Within Runs Bet. PIL.

Within Plaques
. TOTAL
*90% C.L,

SOQURCE

Between Groups
Within Groups
Within Runs
Within Plaques
TOTAL
*% (5 Mean) x 100

DF’
7
12-7 =5
77-12= 65
695-77= 618
95
DF
7
688
683
618
695

MEAN = .28804

Table No, 12B

ANOVA DETAILS

Response = Thickness x 10

ANOVA DETATL

85

.131334
.132596~,131334 = ,001262
.16649 =,132596 = ,033894
.066219
.23271

MODIFIED ACCUMULATIVE ANOVA

359
.131333
.101379
. 100116
.066219
.23271

M3

.018762
.000252
0005214
.00010715

M5

,018762

.00014735
00014658
.00010715

175.10
2.35
4.87

S
.1370
01214
01210
.01035

Crit. F*

1.72
1.85
1.24

Coef. Var.

47.56%
4.21%
4.20%
3.59%



Ly

SOURCE

Between Groups

Within Gr. Bet. Runs

Within Runs Bet, Pl.

Within P1. )
TOTAL

*30% C.L.

SOURCE

Between Groups
Within Groups
Within Runs
Within Plaques
TOTAL
*fﬁS/Mean) x 100,

DF
7
12-7 =5
77-12= 65
695-77= 618
695
DF
7
688
683
618
695

MEan = . 23009

Table No. 12C

Response Void x 10

ANOVA DETAIL

. 133456
. 13444

065224
.2328654

- 0133456 =

85Q-

.000984

MODIFIED ACCUMULATIVE ANOVA

.133456
.099409
0984194
.065224
.2328654

$5Q

MS
.019065
.0001968
.0005108
.00010554

MS

019065
.00014449
.00014409

.0001055

£
180,64

1.86

4 .84

.
.138
.01202
.01200
.01027

Coef. Var.*

£

' 59,98%

5.22
5.22
b4t



8%

SOURCE

Between Groups
Within Gr. Bet. Runs
Within Runs Bet. PIL,
With Plaques
TOTAL
*90% C.L.

SOURCE

Between Groups

Within Groups

Within Runs

Within Plaques
TOTAL

DF
7
12~7 = 5
77-12= 65
695-77= 618
695
DF
7
688
683
618
695

#%(S/Mean) x 100, X = 5.04307

Table No. 12D

Response - Strength x .01

ANOVA DETAIL

559
1811, 507
1834.752-1811.507 = 23.245
1955.824«1834,752 = 12.107
293.952
2249,776

MODIFIED ACCUMULATIVE ANOVA

550
1811.507

438,269

415.023

293,952
2249.776

MS
258.786
4,6490

. 18626
47565

MS
258.787
.63702
«60765
47565

—S..

16.08

. 798
779
.6895

Crit. F*

1.72
1.85
1.24

Coef. Var.*

319.0%

'15.82%
15.45%
13.87%



TABLE 13A SLOPES FOR THICKNESS RESPONSE

FESPOASE = THIC(?ESS.
VARe USED = .1 10
YAXe LDY/DX = 0-03529
41Ne DY/DX = =0e20529
RESPONSE = THICKWESSs SLOGPE
YARe USED = 2 12 1Y 20 23
“AXe DYZDX = De51252
“1%e DY/DX = -5ed1252
RESPONSE = THICKFESSy SLOPE
VAR, USED 322726 27 26
MAKs DY/DX = 033172
“INe DY/DX = ~0.03179
- .
RESPOnSE = THICKWESSs SLOPE
VARe USED = 31 32 33 34
MAxe DY7BX = 0202779
vINs DY/DX = =0,02779
RESPONSE = THICKAESS, SLOPE
VAR, USED = 511 12 13 36
“AXs DY/DX = 0204039
“INe DY/DX = 0404038
RESPONSE = TRICKNESS, SLOPE
VAZe USED = 6 16 15 17 36
“AXe DYZEX = 0.01379
“INe DY/DX = -0.01373
RESPONSE = THICKWESSs SLOPE
VARe USED = 7 21 25 33 2%
MAXs DY/ZDX = 0420589
HINe DY/DX = -=04255589
R
RESPONSE = TH1c<\=ss. SLOPE
VAR. USED = 28 34 29 23
YAXs DY/OX = »01545
YINe DY/DX = 20421045
RESPONSE = THICKHESS» SLOPE
VA< s USLD = 9 35 24 25 24
MAY . DY/DX = Qenl723 .
MINe DY/DX = —~0401723

SLOPE FOR TE

WMEE

FOR BILT SPEEDs VARe
24 1 i

FOR DEa POINTY VAR. 3
30 18

FOR ATMOSPHERE

35 19

FOR _PLASUEL SPACI\
256 20

32 31

FOR 15T wWATZR
27 .

FOR 28D
la 11

For PLA”U?ZS“QUFVE:, VAR

KATER COOLING

21 16 15

o

F
bt

2
H

R

PLAQUE wEIGHT (2.

13 30

49

RATURE Y VARe

2

AVLUNT VAR,

s VAR,

COOLING ZUREs VAR,

1

4

5

&

SHES

VAR »

7

8

93 Ix)s- VAR,

9



TABLE 13B - SLOPES FOR VOID RESPONSE

REGPINSE = VOID' SLOPE FOR TEMPCIATURE VaRe 1
VARe JSED 1 11 14 15 16 .

YAX e DY/DX = ., Ge03371

MINe DY/DX = -0a03371

RESPOMNSE = VOIDs SLOPE FOR  oELT SPEEDs V Re 2

VARa USED = 2 20 21 23 24
“MAXe DY/DX = 000149 :
MiNe DY/DX = ~0«00149
RFSPC\SE = VOIDs SILOPE FOR  DZw POIATs VARS. 3
VAR » 'S:D = 3 26 28 29 30 11
“AXe OY/DX = 5«00971
MINe DY/DX = -0e00971
RESPONSE = VOID- SLDP FOR VARs 4 ATVMOS. A-OUNT
VAR. USED = 31 32 33 34 35
AAXe DY/ZDX = 0.00135
MINe DY/DX = ~0«00135
RESPONSE = VOIDs SLOPE FOR  PLAQJUE SPHCINGs VAR, 5
VARs USED = 5 12 12 36 31 26 20 10
MAXe DY/DX = 2s+00349
MINW-2Y/DX = ~3.00349
RESPONSE = VOIDs SLOPE FOR 157 wATER COOLING ZONE VAR, 6
VARs USED = 6 17 18 19 36.32 2} 14 -
MAXe DY/DX = 0.00178
MINe DY/DX = =-303178
RESPONSE = VOIDs, SLOPE FOR 2nND SATER COOLING Z0ME VAR. 7
VAQ- USED = T 22 2% 33 28 17 1% 10 -
MAXe DY/DX = 0.03586
MINs DY/D e ., =0.03588
RESPONSE = VOIDs SLOPE FOR  PLAQUE SEQUENCE VHR. 8
VAT US D = 8 27 34 29 23 22 18 156 12
MAX /DX = D:00411
MINa DY DX = ~J:00411

RESPONSE = VOIDs SLOPE FOR THICKNESSs VARs 9
VARe USED = 9 35 30 27 25 24 :

VAXs DY/DX = 030064g°° 3¢ 19 13

MIa DY/ZDX = =D 10648

50



RESPONSE = STRINGTHy AXe SLOPE FOR TEPERATURE VAR. 1
VARW USZD =~ 113 14 15°16 17 - '

wine DysBX = _1343:11%69 TABLE NO. 13C SLOPES FOR STRENCTH RESPONSE
RESPONSE STRENSTH MAX. DYDX, VAR. = BELT SPESD VARe 2
VAR. USED = 18 20 23 24

MAX. DY/DX =~ 595.91508

MINa DY/DX = =505.61303

RESPONSE = STRENGTHs  MAXs SLOPE FOR DEX POINT VAR. 3
VARs USEp = 3 25 27 29 307 2

YAXe DYZDX = 909477404

MINe DY/DX =  =809.77494.

RESPONSE = STREVGTHy MAXa SLOPE FOR ATHOS. 440UNTs VARe 4
VARs USED = 4 31 33 34 3570

YAX: DY/DX = 873.15699

MINe DY/DX =  ~973.18699.

RESPONSE = STRENG
VARe USED = 5
MAXe DY/DX

YINs DY/DX

m

SLOPE FOR PLAQUE SPACING VARe 5
4 .

| +_SLOPE FOR-1ST WATER COOL. ZONE>» VAR, &
VAR . U 3 5

RESPONSE = STREVGTH b FOR 2RD WATER COUL. 20NE VAR. 7

s MAX. SLOPE
VAR, USED = -7 25 28 33 19 15 10
¥AXe DY/DX =  1G56,52832
AINs DY/DX = -1036.52832
RESPONSE = STRENGTH» #AXe_SLOPE FOR PLAQ. SZQUENCE»s VAR. 8
VAR. USED = 832 4 3 7 2 6 1 §
YAXs DY/DX = 1837.562671
MINe DY/DX = ~1R07.62671
RESPONSE = STREVGTHs WAX. SLOPE FOR THICKKESSs VAR. 9
VARe USED = 5 1 6 2 7 3 B 4
VAXe DYZDX = 1859.35435
MINe DY/DX = =1859.35425:
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Table No. 14

Comparison Mid-Level Run #9
With Original Data

Within Plaques

Response - MS_Ratio --~ --F (Crit. F (618,48,.10)=1.44)
Weight ' .00132/.000481 =  2.74
Thickness .000107/.0000363_:_2.?5
Void .0001055/.0000345= 3.06
Strength 47565/.1791 = 2.66
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