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Lampiran 1

Menentukan Titik Berat Bucket

Pada bagian 1mi akan ditentukan massa dan titik berat bucket. Untuk 1tu, berikut

diperlihatkan konstruksi bucket yang direncanakan. Ukuran scbenarnya dapat dilihat

pada gambar utama bucket.
At
D
E
B F
_____ G
C g N H

{Gambar. Konstroksi bucket

Dengan menggunakan AutoCAD (perintah mass property pada inquiry) dapat

ditentukan luas masing-masing bagian beserta titik beratnya, yaitu :
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Satuan : em
Tebal Titik Berat v
Bagian | Luas(4) | = V, =204y (- 0P | P i)
% e T, A9 1ag " | Geem) | Geom)
A 4755,75 3 2472 | 137,01 | 2853450 224,00 553718 | 30690,24
B 4939 82 1 19,63 62,10 9879,64 77,56 152241 4816,48
C 470,80 | 10 7271 -3,08| 941600 73.92 53737 | 22767
D 192076 3 89,83 | 100,41 | 1152456 00,47 8126,72 0084,09
E 253725 3 157,23 84,54 | 1522350 119,50 | 1878969 1 10102,53
F 10961.84 2.5 51,43 63,74 | 5480920 430,25 51431 2742414
G 627,76 93 73,81 2790 58381 7%* 458,30 1 33826,85 1 12786,57
H 19785 | 98 | 2430 6,61 | 193893** | 15220 | 369861 100604
¥ Tebal dalam arah sumbu z
**Volume tidak dikalikan dua,
Praja = 7850 kg/m® =7,85.10° kg/em’
Tm = 16262 kg
Zm.x; = 7209026 kgom
TZmy; = 9568242 kgcm
. Im.ux, - wm.y;
= —_—— y = se—
>m rm
720902 95682 42
16262 1626,2
= 4433 cm = 58,84 cm

Titik berat bucket (44.33,58.84)
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MSC/NASTRAN for Windows Version 4.40
Model : C:\Mscndw20\Boom Top Section. MOD

Wed May 19 09:04:36 1999
Report : Node

Format : NASTRAN Displacement
Sort By : 1..Total Translation in Ascending Order

Title : Total Translation
DISPLACEMENT VECTOR

POINT ID T1 T2 T3 R1 R2 R3
1 G 0. 0. 0. 0. 0. 0.
16 G 0. 0. 0. 0. 0. 0.
20 G 0. 0. 0. 0. 0. 0.
35 G 0. 0. 0. 0. 0. 0.
39 G 0. 0. 0. 0. 0. 0.
4 G 0. 0. 0. 0. 0. 0.
15 G 2.828978E-5 -2.220041E-5 1.721623E-5 0. 0. 0.
3 G -7281782E-5 -4.648753E-5 4.370979E-5 0. 0. 0.
21 G 4 948406E-5 -1.273365E-4 -2.093950E-6 0. 0. 0.
2 G -1.460279E-4 -1327294E-4 -6.104834E-6 0. 0. 0.
4 G 6.358570E-5 -2.813353E~-4 1.741552E-5 0. 0. 0.
33 G -2.052852E4 -3.069795E-4 4.457435E-5 0. 0. 0.
22 G 6.891914E-5 -5.293305E-4 -43B4869E-6 0. 0. 0.
3 G -2617616E4 -5420354E-4 -1.322704E-5 0. 0. 0.
13 G 6.556372E-5 -7.960888E-4 1.10039%4E-5 0. 0. 0.
32 G -2979734E4 -8.132677E-4 2.850398E-5 0. 0. 0.
23 G 5.469267E-5 -1.134982E-3 -5.609648E-6 0. 0. 0.
4 G  -3279027E-4 -1.153202E-3 -1.754230E-5 0. 0. 0.
12 G 3.817188E-5 -1.469218E-3 5.053892E-6 0. 0. 0.
31 G -3.449376E4 -1478724E-3 1.365480E-5 0. 0. 0.
24 G 1.575134E-5 -1.853270E-3 -5.931753E-6 0. 0. 0.
5 G  -3.534227E4 -1.874913E-3 -1.929781E-5 0. 0. 0.
11 G -8.642198E-6 -2.200437E-3 -1.533326E-7 0. 0. 0.
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30 G -3.561566E-4 -2.202657E-3
25 G -3.662590E-5 -2.573185E-3
17 G -3.998825E-5 -2.595671E-3
36 G -3.525333E-4 -2.573184E-3
6 G -3.496277E-4  -2.595671E-3
37 G -6.167986E-5 -2.863707E-3
18 G 0. -2.868931E-3
10 G -6221669E-5 -2.868931E-3
29 G -3443170E4 -2.863707E-3
26 G -8.789010E-5 -3.163517E-3
33 G -3.330153E4 -3.163516E-3
19 G -9169703E~5 -3.183862E-3
G -3.310723E-4 -3.183862E-3

9 G -1222233E4 -3.508049E-3
27 G -1.242348E-4 -3.512867E-3
8 G  -3.139702E-4 -3.509799E-3
28 G -3.156339E-4 -3.513060E-3

Set MAX/MIN Summary Table

T1 Translation Minimam

Maximum

T2 Translation Minmmum

Maximum

T3 Translation Minimmm,

Maximum

R1 Rotation Minimuam

Maximum

R2 Rotation Minimum

Maximum

R3 Rotation Minimum

Maximum

4.761703E-7
-3.764823E-6
-5.766192E-6
-1.920753E-5
-1.920194E-5
-4 039600E-6
-9.999152E-6
-4.038186E-6
-6.999152E-6
-5.776032E-6
-1.852010E-5
-5.7776657E-6
-1.851432E-5
-5.683411E-6
~5.853772E-6
-8.190141E-6
-1.009342E-5

Set ID
30
22
28

p-l""s—n""“h—-\)_'h—‘""'—"*_'*"""“
8]
98]

0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
0. 0 0.
Value
-0.00035616
0.000068919
-0.0035131
0.
-0.000019298
(.000044574
0.
0.
0.
0.
0.
0.
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Sort By : 51..Total Constraint Force in Ascending Order

Title

POINT ID.

40
39
16
20
35

1

G
G
G
G
G
G

: Constrain force

| T N

FORCES OF SINGLE-POINT CONSTRAINT

T1
-7.835862E+3
-7.838306E+3
-6.205886E+4
-6.206245E+4

1.575674E+5
1.575647E+5

T2 T3
2.718287E+3 -7.270903E-1
2719135E+3  7.273171E-1
6.218842E+3 -4.013122E+3
7.775801E+3 4.013296E-+3
1.578963E+4 -1.018958E+4
1.734590E+4 1.018941E+4

Set MAX/MIN Summary Table
T1 Consiraint Force

T2 Constraint Force

T3 Constraant Force

R1 Constraint Moment

R2 Constraint Moment

R3 Constraint Moment

Minimum

Maximum
Minimum
Maximum
Minimumn
Maximum
Minimum
Maximum
Minimum
Maximum
Minimim

Maximum

Set

MHMHPHHMHI—HHWH

Output Vector 55 - Total Constraint Moment  (Model Vector‘20)

Maximom NodeID =1
Minimum NodeID=1

Type = Force

Value = 0.
Value = 0.

e e e e o o X

B = =

Value
-62062.4
157567.
0.
17345.9
-10189.6
101894

A A A o

Calc=7Y Component Dir=Y Centroid =Y
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Coraponent 0 56 - R1 Constraint Moment

Component 1 57 - R2? Constraint Moment
Component 2 58 - R3 Constraint Moment

Cutput Vector 56 - R1 Constraint Moment {Model Vector 10)
Maoamum NodeID =1 Vale =10,
Minimum NodeID=1 Value = 0.
Type = Force

Output Vector 57 - R2 Constraint Moment (Model Vector 11)
Maximum NodeID=1 Value = 0.
Minimum  NodeID =1 Value=10.
Type =Force

Output Vector 58 - R3 Constraint Moment (Model Vector 12)
Maximum NodeID =1 Value = 0.
Minimum NodelD =1 Valuze = 0.
Type = Force

Output Vector 3036 - Rod Axial Force {Model Vector 13)
Maximum FElement 1D =17 Value = 62498.6
Minimum Element ID = 40 Value = -158684.
Type = Force Calc =N Component Dir=Y Centroid=Y
Component ¢ 3036 - Rod Axial Force
Component 1 3036 - Rod Axial Force

1 -157812. 2 -155329. 3 -151366.
4 -145173. 5 -135217. 6 -119576.
7 -8828904 8 17498.5 9 11659.
10 11659.1 11 312129 12 31213
13 442479 14 522702 15 572838
16 60543.2 17 62498.6 18 0.
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19
22
25
28
31
34
37
40
43
46
49
52
53
58
61
64
67
70
73
76
79
82
85
88
91
%94
97
100
103
106
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0.
-507.203
55185.7
233%94.1
1933.05
-127397.
-148455,
-158684.
2131.92
-3497.92
6670.7
-11570.
-0.17035
0.147
-0.3255
0.55164
-0.19447
2505.53
-4392.77
7713.25
~15705.7
3.39375
-1.32621
0.47148
0.13141
0.16231
-4.65457
-0.027637
0.
8296.55

20
23
26
29
32
35
38
41
44
47
50
53
56
59
62
65
68
71
74
77
80
83
86
89
92
95
08

101
104
107

0.
61633.3
489928
233942

-107843.
-127398.
-153469.
0.
-2505.44
4392.56
-7712.78
15705.5
0.15881
0.28103
-0.082318
-0.03092
1856.75
-3039.34
5100.94
-10470.2
2374938
3.55873
0.95529
0.70769
0.17678
1.14039
0.0029879
-5.38931
-0.12322
8293.96

21
24
27
30
33
36
39
42
45
48
51
54
57
60
63
66
69
72
75
78
81
34
87
90
93
96
99

-5660.5
59150.2
39037.7
-7891.38
-107843.
~140433.
~156729.
-1856.68
30359.2
~5100.9
10469.8
-237489
-0.14848
021118
-0.3455
0.027812
-2132.
3498.17
-6670.8
115709
5.96046E-11
0.0078197
0.68432
-1.36892
-0.16068
-0.66249
0.58265

102 -9.53674E-10

105

-1.24442

T asuharns
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Output Vector 3038 - Rod Torque Force {Model Vector 14)
Maximum FElement JD =1 Value = (.
Minimum Element ID=1 Value = 0.
Type = Force Calc =N Component Dir=Y Centroid=Y

Output Vector 3183 - Rod Axial Stress (Model Vector 15}
Maximum Flement ID =80 Value = 11874921.
Minimum Element ID = 40 Value = -26447336.
Type = Stress Calc =N Component Dir =Y Ceniroid =Y
Component 0 3183 - Rod Axdal Stress
Component 1 3183 - Rod Axial Stress

1 -26302028. 2 -25888190. 3 -25227590.
4 -24195468. 3 -22536196. 6 -19929286.

7 -14714902. 8 2016422. 9 1943174
10 1943180. 11 5202150 12 5202165.
13 7374646. 14 8711696. 15 9547304.
16 10090529, 17 10416441. 18 0.

19 0. 20 0. 21  -944416.
22 -B45339 23 10272212, 24 9858365.
25 9197616. 26 8165468. 27  6506285.
28  3899019. 29 3899034. 30 -1315230.
31 322175, 32 -17973830. 33 -17973888.
34 -21232900. 35 -21232960. © 36 -23405452.
37 -24742470. 38 -25578114. 39 -26121456.
40 -26447336. 41 0. 42 -928340.
43 1065960. 44 -1252720. 45  1519601.
46 -1748960. 47 2196281. 48 -2550451.
49  3335350. 50 -3856350. 51 5234914,
52 -5785017. 53 7852771. 54 -11874461.
55 -85.173 56 794074 57 -74.2398
58 735005 56 140516 60  -105.588
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61 -162.75 62 -41.1588 63 -172.752
64 27582 65  -15.46 66  13.9059
67 -97.2349 68 928377 69 -1066002.
70 1252766. 71 -~1519669. 72 1745084,
73 -2196386. 74 2550469. 75 -3335402.
76 3836627, 77 -5235111. 78 5785475,
79 7852864 80 11874921. 81 2.98023E-8
82 169688 33 177937 84 350984
85 -664.604 86 477644 87 342162
88 233741 89 353846 90 -684.46
91  65.7046 92 883896 93 -80.3383
94 811562 95 570.194 96 -331.244
97 232728 98  1.49395 99 291323
106 -13.3186 101 -2694.66 102 -4.76837E-7
103 0. 104 -61.6091 105 -62221
106 11852214, 107 11848519.

Qutput Vector 3186 - Rod Torsional Stress {Model Vector 16)
Maximurmn Flement ID =1 Value = 0.
Minimum Flement ID=1 Value =0.
Type = Stress Calc =N Component Dir=Y Centroid=Y
Displacement Summary
Maximum Value 0.0035272 Output Vector 1 - Total Translation
Minimum Value -0.0035131 Output Vector 3 - T2 Translation
Force Summary
Maximum Value  158844. Output Vector 51 - Total Constraint Force
Minimum Value -158684. Output Vector 3036 - Rod Axial Force
Stress Summary
Maximum Value 11874921, Output Vector 3183 - Rod Axial Stress
Minimum Value -26447336. Output Vector 3183 - Rod Axial Stress
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MSC/NASTRAN for Windows Version 4.40 Wed May 19 23:18:46
1999
Model : C:\Mscndw20\Richard MOD Report : Node

Format : NASTRAN Displacement

Sort By : 1..Total Translation in Ascending Order
Title : Translation

Output Set 3 - MSC/NASTRAN Case 1
DISPLACEMENT VECTOR

POINT ID. T1

T2 T3 ! R2 R3
1 G 0. 0. 0. 0. 0. 0
8 G 0. 0. 0. 0. 0. 0
S G 0. 0. 0. 0. 0. 0
16 G 0. 0. 0. 0. 0. 0
15 G 6.048820E-5 -1.290450E-4 -3.299429E-5 0. 0. 0
7 G -1.082382E-4 -1.529173E-4 -5903819E-5 0. 0. 0
2 G 1.077177E4 -3.596934E-4 -7233481E-6 0. 0. 0
10 G -2.046982E4 -3.604392E-4 ~6.422785E—6 0. 0. 0
4 G 1.578990E-4 -6.405387E-4 -3.460582E-5 0. 0. 0
6 G  -3.011499E-4 -6.629253E4 -5.903198E-5 0. 0. 0
3G 1.918708E-4 -1.008234E-3 -1.607644E-5 0. 0. 0
11 G -3858309E-4 -1.011205E-3 -1.284156E-5 0. 0. 0
13 G 2.317442E-4 -1.418793E-3 -3.782626E-5 0. 0. 0
4 G 2.221651E-4 -1.444435E-3 -3.414756E-5 0. 0. 0
12 G  -4.646]144E-4 -1434583E-3 -4.968190E-5 0. 0. 0
5 G  -4704972E-4 -1438216E-3 -5902237E-5 0. 0. 0
Set MAX/MIN Summary Table Set 1D Value
T1 Translation Minimum 3 5 -0.0004705
Maximum 3 13 0.00023174
T2 Translation : Minimum 3 4 -0.0014444
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Y

SRS,
Maximum 3 1 0.

T3 Translation Minimum 3 7 -0.600059038
Maximum 3 1 0.
R1 Rotation Minimum 3 1 0.
Maximum 3 1 0.
R2 Rotation Minimuom 3 1 0.
Maximum 3 01 0.
R3 Rotation Minimam 3 1 0.
Maximum 3 1 0.

Sort By : 51..Total Constraint Force in Ascending Order

Title : Constraint force
FORCES OF SINGLE-POINT CONSTRAINT

POINT ID. T1 T2 T3 Rl R2 R3
16 G -1.209764E+5 6. 0. 0 0. 0

G -1.195000E+5 2.356474E+4 1.799316E-1 O 0. 0

G 2.164763E+5 0. 0. 0. 0. 0

G 2.164810E+5 2.356540E+4 -1992188E-1 © 0. 0

Output Vector 51 - Total Constraint Force  (Model Vector 59)
Maximum NodeID =9 Value = 217760.
Minimum  NodeID =2 Value = 0.
Type = Force Calc=Y ComponentDir=Y Centroid=Y
Component 0 52 - T1 Constraint Force
Component 1 53 - T2 Constraint Force
Component 2 54 - T3 Constraint Force

1 121301
8  216476.
9  217760.
16 120976.
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Set MAX/MIN Summary Table Set D Value
T1 Constraint Force Minimum 3 16 -120976.
Maximum 3 9 216481.
T2 Constraint Force Minimum 3 2 0.
Maximuam 3 9 23565.4
T3 Constraint Force Minimum 3 9 -(.19922
Maximum 3 1 0.17993
R1 Constraint Moment Minimum 3 2 0.
Maximum 3 2 0
R2 Constraint Moment Minimum 3 2 0
Maximum 3 2 0.
R3 Constraint Momient Minimum 3 2 0
Maximum 3 2 0
Output Vector 5 - Total Rotation (Model Vector 58)
Maximum NodeID=1 Value = 0.
Minimum NodeID =1 Value = 0.
Type = Displacement Calc=7Y Component Dir =Y Centroid=Y
Output Vector 6 - R1 Rotation {Model Vector 44)
Maximum NodeID=1 Value =0.
Minimum NodeID =1 Value = 0.
Type = Displacement Calc=N Component Dir =Y Centroid=7Y
Qutput Vector 7 - R2 Rotation {(Model Vector 45)
Maximum NodeiD=1 Value = 0.
Minimum Node D=1 Value = 0.
Type = Displacement Calc=N Component Dir=Y Centroid =Y
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Qutput Vector 8 - R3 Rotation {Model Vector 46)
Maximmum  Node D=1 Value =0.
Minimum NodeID =1 Value=90.

Type = Displacement Calc =N Component Dir=Y Centrond=Y

Output Vector 55 - Total Constraint Moment  (Model Vector 60)
Maximum NodelD=1 Value=0.
Minimum NodeID=1 Value = 0.
Type = Force Calc=Y Component Dir=Y Centroid=Y

Output Vector 56 - R1 Constraint Moment (Model Vector 50)
Maximum  NodeID=1 Valze = 0.
Minimum NodeID=1 Value =0.
Type =Force

Output Vector 57 - R2 Constraint Moment (Model Vector 51)
Maximum NodeID=1 Value = 0.
Minimum  NodeID =1 Value = 0.
Type =Force

Qutput Vector 58 - R3 Constraint Moment (Model Vector 52)
Maximum NodeID =1 Value = 0.
Minimum NodeID=1 Value = 0.
Type = Force

Output Vector 3036 - Rod Axial Force {Model Vector 53)
Maximum FElement ID = 13 Value = 120976.
Minimum Element ID =7 Value =-216476.
Type = Force Calc =N Component Dir =Y Centroid =Y
Component 0 3036 - Rod Axial Force
Component 1 3036 - Rod Axial Force
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S
1 107718 2 84153.1 3 605886
4 -6218.84 5 -169347. 6 -192912.
7 -216476. 8 0. 9 0.
10 0. 11 -4013.12 12 101896
13 120976. 14 974108 15 738452
16 15789.6 17 -157567. 18 -181133.
19 -204698. 20 0. 21 263462
22 -26346.2 23 263462 24 -263462
25 263462 26 -0.22603 27 022693
28  -0.22693 29 022693 30 -0.22693
31 263469 32 263469 33 -26346.9
34 263469 35 263469 36 -0.204%96
37 0.204%6 38  -0.20496 39 0.20496
40 -0.20496
Output Vector 3038 - Rod Torque Force (Model Vector 54)
Maximum. Element ID =1 Value =0.
Minimum Element ID =1 Value = 0.
Type = Force
Output Vector 3183 - Rod Axial Stress {(Model Vector 55)
Maximum Element ID = 13 Value = 20162730.
Minimum Element ID =7 Value = -36079384.
Type = Stress Calc=N Component Dir=Y Centroid =Y
Component 0 3183 - Rod Axial Stress
Component 1 3183 - Rod Axial Stress
1 17952948. 2 14025524, 3 10098100.
4 -1036473. 5 -28224542. 6 -32151964.
7 -36079384. 8 0. 9 0.
10 0. 11 -668853. 12 1698267,
13 20162730 14 16235131 15 12307532.

T nwrhiran
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Vo TNVa
SANODEY
G

S,

16 2631600. 17 -26261166. 18 -30188770.
19 -34116372. 20 0. 21 13173090.
22 -13173090. 23 13173089 24 -13173090.
25 13173089. 26 -113.464 27 113464
28 -113.464 20 113464 30 -113.464
31 -13173458. 32 13173458 33 -13173458.
34 13173459. 35 -131734338. 36 -102.479
37 102479 38 -102.479 39 102.479
40 -102.479

Output Vector 3186 - Rod Torsional Stress {Model Vector 56)
Maximum Element ID = 1 Value=0.
Minimum Element D=1 Value = 0.
Type = Stress

Displacement Summary
Maximum Valie 0.0015144 Output Vector 1 - Total Translation
Minimum Value -0.0014444 Output Vector 3 - T2 Translation
Force Summary
Maximum Value  217760. Qutput Vector 51 - Total Constraint Force
Minimum Value -216476. Output Vector 3036 - Rod Axial Force
Stress Summary
Maximum Value 20162730, Output Vector 3183 - Rod Axial Stress
Minimum Value -36079384. Output Vector 3183 - Rod Axial Stress

T amrhivem
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MSC/NASTRAN for Windows Version 4.40
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Model : C:\Mscodw20\Extension Boom (5m).MOD
Format : NASTRAN Displacement

Sort By : 1..Total Translation in Ascending Order

T rurhiren

Wed May 19 10:25:24 1999

DISPLACEMENT VECTOR

Title : Translation
POINT ID. T
1 G 0.
18 G 0.
19 G 0.
36 G 0.
17 G 1.478669E-4
33 G  -1.966116E-4
20 G 2.859352E-4
2 G -3814274E-4
16 G 4200361E-4
34 G -5.662690E-4
21 G 5.483048E-4
3 G -7392903E-4
15 G 6.686409E-4
33 G -9.123610E-4
22 G 7.871087E-4
4 G -1.073589E-3
4 G 8.936811E-4
32 G -1.234887E-3
23 G 1.002347E-3
5 G  -1.384323E-3
13 G 1.095157E-3
31 G -1.533848E-3
24 G 1.194020E-3

RS -

-1.727315E-4
-1.971067E-4
-3.371810E-4
-5.361766E-4
-1.035706E-3
-1.062084E-3
~1.718172E-3
-1.714168E-3
-2.516931E-3
-2.547306%-3
-3.495841E-3
-3.486844E-3
-4.569276E-3
-4.605640E-3
-5.823059E-3
-3.807077E-3
-7.145614E-3
-7.189957E-3
-8.652692E-3

©c e o o

8.065394E-5
1.072435E-4
5.343226E-6
6.435670E-6
7.848845E-5
1.072592E-4
8.523000E-6
1.288477E-5
7.416015E-5
1.072877E-4
9.540628F-6
1.934621E-5
6.767030E-5
1.0732805-4
8.397156E-6
2.581855E-5
5.901993E-5
1.073786E-4
5.093956E-6

R1

0.
0.
0.
0.
0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0
0
0
0.
0.
0.
0.
0.

Report : Node

216




SRS
6 G  -1671492E-3 -8.627737E-3
12 G 1.273068E-3 -1.019881E-2
360 G -1.809243E-3 -1.025312E-2
25 G 1.362127E-3 -1.193761E-2
7 G -1935097E-3 -1.190169E-2
11 G 1.427415E-3 -1.368175E-2
20 G -2.061073E-3 -1.374801E-2
2 G 1.506669E-3 -1.563068E-2
8 G  -2175137E-3 -1.558182E-2
W G 1.558197E-3 -1.754729E-2
9 G -2283375E-3 -1.754729E-2
27 G 1.567157E-3 -1.762749E-2
28 G -2.289336E-3 -1.762749E-2
Set MAX/MIN Summary Table Set
T1 Translation Minimum 4
Maxdmum 4
T2 Translation Minimum 4
Maximum 4
T3 Translation Minimoum 4
Maximum 4
R1 Rotation Minimum 4
Maximum 4
R2 Rotation Minimum 4
Maximum 4
R3 Rotation Minimum 4
Maximum. 4
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3.230080E-5
4.821045E-5
1.074384E-4
~3.678633E-7
3.879160E-5
3.524300E-5
1.075063E-4
-7.986973E-6
4.528994E-5
2.011880E-5
1.075310E-4
2.011880E-5
1.075810E-4

28
27
27

26

[ T BT S o BN o]

Sort By : 51..Total Constraint Force in Ascending Order

Title

- Constramt force

Output Set 4 - MSC/NASTRAN Case 1

Value
-(.0022893
0.0015672

-0.017627
0.
-0.0000067987

0.
0.
0
0.
0.
0.
0.
0
0
0
0
0
0

0.00010758

0.

©c o o 2 9

T asshivan
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FORCES OF SINGLE-POINT CONSTRAINT

POINT ID. T1 T2 T3 RI R2 R3
18 G -2.957338E+5 0. 0. 0. 0. 0.
19 G -2977180E+5S 2.356540E+4 1.799300E-1 0. 0 0
36 G 3.932231E+5 0. 0. 0. 0 0
1 G 3.932096E+5 2.356470E+4 -1.992200E-1 0. 0 0
Set MAX/MIN Summary Table Set ID Value
T1 Constraint Force Minimum 4 19 -297718.
Maximum 4 36 393223,
T2 Constraint Force Minimum 4 2 0.
Maximum 4 19 235654
T3 Constraint Force Minimum 4 1 -0.19922
Maximum 4 19 0.17993
R1 Constraint Moment Minimum 4 2 0.
Maximum 4 2 0
R2 Constraint Moment Minimum 4 2 0
Maximum 4 2 0
R3 Constraint Moment Mininram 4 2 0
Maximum 4 2 0

Qutput Vector 55 - Total Constraint Moment (Model Vector 98)
Maximom NodeID =1 Value = 0.
Minimum  NodeID =1 Value =0.
Type =Force

Qutput Vector 56 - Rl Constraint Moment (Model Vector 88)
Maximum NodeID=1 Value = 0.
Minimum NodeID=1 Value = 0.
Type = Force
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Output Vector 57 - R2 Constraimnt Moment {Model Vector 89)
Maximum NodelD=1 Value = 0.
Mimimum NodelD=1 Value = 0.

Type =Force

Output Vector 58 - R3 Constraint Moment (Model Vector 90)
Maximum NodeID=1 Value = 0.
Minimum NodeID=1 Value = 0.
Type = Force

Output Vector 3036 - Rod Axial Force {Model Vector 91)
Maxaimum Element ID =17 Value = 295734.
Minimum Element ID =39 Value =-393223,
Type =Force Calc=N Component Dir=Y Centroid=Y
Component 0 3036 - Rod Axial Force
Component 1 3036 - Rod Axial Force

1 -381427. 2 -357863. 3 -334298.
4 -310734. 5 -287169. 6 -263605.
7 -240040. 8 -2i6476. 9 -2.86102E-9
16 130732. 11 154347 12 177911
13 201476. 14 225040. 15  248605.
16 272169, 17 295734 18 0.

19 0. 20 0. 21 0.
22 0. 23 285935. 24 262370
25 238804. 26 215238, 27  191673.
28 168107. 29 144542 30 120976.
31 2.86102E-9 32 -228204. 33 -251829.
34 -275395. 35 -298961. 36 -322526.
37 -346092. 38 -369658. 39 -393223.
40 0. 41 -26346.1 42 26346.1
43 -26346.1 44  26346.1 45 -26346.1
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46
49
52
55
58
61
64
67
70
73
76
79
82
35
88
91
94
97
100

Output Vector 3038 - Rod Torque Force
Maximum Element D=1
Mimmum Element HD> =1

26346.1
-26346.1
26346.1
-26346.1
0.20496
-0.20496
0.20496
-0.20496
0.20456
26346.9
-26346.9
26346.9
-26346.9
263469
0.22693
-0.22693
0.22693
-0.22693
0.22693

Type = Force

Output Vector 3183 - Rod Axial Stress
Maximum Flement ID =17
Minimum Element ID =39

1 -63571228.

4
7

-51788988.
-40006744.

47
50
53
56
59
62
65
68
71
74
77
80
83
86
89
92
05
98
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-26346.1 48 26346.1
26346.1 51 -26346.1
-26346.1 54 26346.1
0.20496 57 -0.20496
-0.20496 60  0.20496
0.20496 63 -0.20496
-0.20496 66  0.20496
0.204%6 69 -0.20496
263469 72 -26346.9
-26346.9 75 263469
263469 78 263469
-26346.9 81 263469
26346.9 84 -26346.9
0.22693 87 -0.22693
-0.22693 90  0.22693
0.22693 93  -0.22693
-0.22693 9%  0.22693
0.22693 99 -0.22693
(Model Vector 92)
Value =0.
Value = 0.
(Model Vector 93)
Value = 49288960.

Value =-65537188.

-59643812. 3 -55716400.

-47861572. 6 -43934160.

~36079332. 9 -4.76837E-7

I anmhiran
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10
13
16
19
2
25
28
31
34
37
40
43
46
49
52
55
58
61
64
67
70
73
76
79
82
85
88
o1
o4
97
100
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21797042.
33579292,
45361544.

0.

0.
39800664.
28017866.
4 7684E-7

-43899172.
-57681980.

0.

-13173066.

13173066.

-13173066.

13173066,

-13173068.

102.478
~102.478

102.478
-102.478

102.478
13173458.

-13173458.

13173458.

-13173458.

13173460.
113.465
-113.465
113.465
-113.465
113.465

11
14
17
20
23
26
29
32
35
38
41
44
47
50
53
56
59
62
65
68
71
74
77
80
83
36
89
92
95
98

25724460.
37506708.
49288960.

0.

47655860.
35873064.
24090266.
-38043968.
-49826776.
-61609584.
-13173067.
13173067,
-13173066.
13173066.
-13173068.

102.478
-102.478
102.478
-102.478
102.478

13173459.
-13173459.
13173458.
-13173458.
13173460.

113.465
-113.465
113.465
-113:463
113.465

12
15
18
21
24
27
30
33
36
39
42
45
48
51
54
57
60
63
66
69
72
75
78
81
34
37
90
93
96
99

29651876.
41434128.

0.
0.

43728264.
31945464,
20162666.
-41971572.
-53754380.
-65537188.
13173067.
-13173066.
13173068.
-13173066.
13173064.

-102.478
102.478
-102.478
102.478
-102.478

-13173459.
13173458.
-13173460.
13173458.
-13173456.

-113.464
113.465
-113.465
113.465
-113.465

T amhiran
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tput Vector 3186 - Rod Torsional Stress (Model Vector 94)

Maximum Element D=1 Vatue = 0.
Mmimem Element ID=1 Value = 0.
Type = Stress

Displacement Summary
Maximuom Value 0.017776 Qutput Vector 1 - Total Translation

Minimum Value -0.017627 Cutput Vector 3 - T2 Translation

Force Summary
Maximum Value 393915, Output Vector 51 - Total Constraint Force

Mimimum Value -393223. Output Vector 3036 - Rod Axial Force

Stress Summary
Maximum Value 49288960. Output Vector 3183 - Rod Axial Stress

Minimum Value -65537188. Output Vector 3183 - Rod Axial Stress
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MSC

/NASTRAN for Windows Version 4.40

Model

: C:\Mscndw20\Base. MOD

Format : NASTRAN Displacement
Sort By : 1..Total Translation in Ascending Order

Tatle

: Translation

Output Set | - MSC/NASTRAN Case 1
DISPLACEMENT VECTOR

POINT ID.

16
34

31
32
30
15
i7

36
35
29
14
18

w

28
13
19

12
27

o I s R 0 W > B 5 S @ B > SN TR oo T S ot B o o T o B T o B o TN o B o TR 9 B o B

Tl

L e e e e

0.
-8.039171E-6
-8.305525E-6
-8.244898E-6
-8.597276E-6

0.

0.
-1.049492E-5
-1.087179E-5
-1.30123%E-5
-1.307322E-5
-1.539968E-5
-1.523165E-5
-1.943959E-5
-1.823632E-5
-2.071976E-5
-2.280513E-5

°e e oo 2o 3

2.476580E-7
1.033328E-6
2.476580E-7
1.033328E-6

0.

0.
2.94768B4E-6
-1.696089E-6
5.114262E-7
4.343221E-7
2.447070E-6
-1.315758E-6
-1.225575E-6
1.415764E-6
-4.945684E-7
1.363303E-6
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13

0.

0.
-5.918992E-8
1.002478E-6
-5.304165E-6
-5.463856E-6
-5.463856E-6
-5.304165E-6
-6.241730E-6
-6.429648E-6
-1.147466E-5
-1.244398E-5
-8.117602E-6
-8.995494E-6
~1.044134E-5
-1.104260E-5
-1.261629E-5
-1.308761E-5
-1.381722E-5
-1.601648E-5
-1.657237E-5
-1.668437E-5

T anhiran

Wed May 19 11:42:14 1999
Report : Node

=

R - T R R R R R - =T =

O © o o O O 0 o 00 o0 00 0o c o S oo o B

e T R = = T = R R N = R =TSP o
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20
11
6
10
26
7
9

Q

21
25
22
24
23

O aa o oo

-2.368588E-5
-2.765779E-5
-2.662390E-5
-3.000440E-5
~3.324700E-5
-3.244848E-5
-3.686930E-5
-3.964791E-5
-3.976817E-5
-3.935545E-5
-4 599370E-5
-5.547626E-5
-6.293234E-5
-6.421617E-5
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1.482851E-6
-1.871803E-6
~6.461454E-7
1.493410E-6
-6.683280E-7
1.599715E-6
1.462431E-6

0.

0.
-2.771782E-6
1.653720E-6
-3.924255E-6

0.

0.

Set  MAX/MIN Summary Table

T1 Translation

T2 Translation

T3 Translation

R1 Rotation

R2 Rotation

R3 Rotation

Miniraum
Maximom
Minimm
Maximum
Minimum
Maximum
Minimum
Maximum
Mintmuom,
Maximum

Maximum

Set

-1.933149E-5
-1.636258E-5
-1.844005E-5
-1.938113E-5
-1.480512E-5
-1.792052E-5
-1.143129E-5

0.

0.
-1.524131E-5
-1.353312E-5
-5.638633E-6

0.

0.

[ ot Sk P ot i ot [ [ [ Tt e
(9]
W

R = R T - R R R - TR

Value

-0.600064219

0.

3.9243E-6
0.0000029477
0.000019381
0.0000010025
0.

S L s e @

= e e = = =

= R R - - R R R
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UNIVERSITAS . )
GADBOitBYA 51.. Total Constraint Force in Ascending Order

Title : Constraint force
Output Set 1 - MSC/NASTRAN Case 1
FORCES OF SINGLE-POINT CONSTRAINT

POINT ID.

T1 T2 T3 R1 R2 R3
35 G 1.456613E-13 0. 0. 0. 0. 0.
36 G -2353673E-13 -3.846923E-14 0. 0 0. 0.
34 G 3.076601E-13 2.295256E-15 0. 0. 0. 0.
33 G 3.285150E-13 -4.676814E-15 0. 0. 0. 0.
8 G 0. 1.400000E+3 0. -3.000000E+3 0. 0.-
24 G 0. 1.400000E+3 -7.023939E+2 -3.000000E+3 0. -— d 0.
23 G 0. 2.600000E+3 0. -3.000000E+3 0. 0.
9 G 0. 2.600000E+3 -6.818652E+2 -3.000000E+3 0. 0.
16 G 4.449496E+3 -1.119749E+1 6.921296E+2 0. 0. 0.
1 G 1.955050E+4 1.119749E+1 6.921296E+2 0. 0. 0.
Set MAX/MIN Summary Table Set ID Value
T1 Constraint Force Mintmum 1 36 -2 .35367E-13
Maximum 1 1 19550.5
T2 Constraint Force Minimum 1 16 -11.1975
Maximum 1 23 2600.
T3 Constraint Force Minimum 1 24 -702.394
Maximum 1 16 692.13
R1 Constraint Moment Minimum 1 8 -3000.
Maximum 1 2 0.
R2 Constraint Moment Minimum 1 2 0.
Maximum 1 2 0.
R3 Constraint Moment Minimum 1 2 0.
Maximmmn 1 2 0.
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CAIDRpitDiector S1 - Total Constraint Force  (Model Vector 19)

Maximum NodeID=1 Value = 19562.8

Mmimum NodeID=2 Value = 0.

Type = Force Calc=7Y Component Dir=Y Centroid=Y
Component ¢ 52 -~ T1 Constraint Force

Component 1 53 - T2 Constraint Force

Component 2 54 - T3 Constraint Force

1 19562.8 24 1566.32

8 1400. 33 3.28548E-13

9 268792 34 3.07669E-13
16 4503.02 35 1.45663E-13
23 2600. 36 2.3849E-13

Output Vector 55 - Total Constraint Moment  (Model Vector 20)
Maximum NodeID=38 Value = 3000.
Minimum NodeID =1 Value =0.
Type = Force Calc=Y Component Dir=Y Centroid=Y
Component 0 56 - R1 Constraint Moment
Component 1 57 - R2 Constraint Moment
Component 2 58 - R3 Constramt Moment
8 3000. Y 3000,
23 3000. 24 3000.

Ontput Vector 56 - Rl Constraint Moment {(Model Vector 10)
Maximum  Node ID = 1 Value = 0.
Minimum  Node ID =8 Value = -3000.

Type = Force Calc=N Component Dir=Y Centroid=Y
Component 0 56 - R1 Constramt Moment
8  -3000. S -3000.

23 -3000. 24 -3000.
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Output Vector 57 - R2 Constraint Moment

Maximum NodeID=1
Mimimum NodeID=1
Type = Force

Output Vector 58 - R3 Constraint Moment

Maximum NodeID=1
Minimzn NodeID=1
Type = Force

Output Vector 3036 - Rod Axial Force

Maximum Element 1D = 81
Minimum Element ID =1
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(Model Vector 11)
Value =0.
Value =0.

{Model Vector 12)
Value = 0.
Value =0,

Value = 801.005
Value =-9174 .38

{Model Vector 13)

Type = Force Calc =N Component Dir=Y Centroid =Y
Component 0 3036 - Rod Axial Force
Component ! 3036 - Rod Axial Force

1 -9174.38
4 -8083.44
7 -6025.93
10 -7151.27
13 -8708.69
16 -765392
19 316427
22 45971
25 0.
28 -42331
31 -288547
34 -788.435

37 0.000064824
40 -0.00020404

2

5

8

11
14
17
20
23
26
29
32
35
38
41

-8981.86
~7505.89
0.
~7774.24
-9082.47
765.392
-3538.05
-5282.36
-5644.89
-3719.72
-2885.47
702.394
-681.865
-8.80391E-13

3 -8596.82

6 -6799.99

9 -6403.71

12 827261
15 -9082.47
i8 -2977.38
21  -4036.42
24 -602993
27 487482
30 -3270.51
33 788435
36 9.31323E-13
39 -4.65661E-13
42 -0.31323E-13
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46 0.

49 0.00013262
52 0.00016674
35 -0.00019228

58 777.594
61  -749.642
64 725971
67 -707.014

70 0.000012073
73 -0.00002146
76 0.00024576
79 0.00016579

82 -801.005
85 747828
88 7283

Output Vector 3038 - Rod Torque Force
Maximum Element ID =1
Mimimum Element D = 1

Type = Force

Output Vector 3183 - Rod Axial Stress
Maximum Element ID = 81
Minimum Element ID = 24

Type = Stress

Component 0

Component 1
I -1529063.
4 -1347241.
7 -1004988.

44
47
50
53
56
59
62
65
68
71
74
77
80
83
36
89

2
5
8
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9.31323E-13 45 0.
0.00024477 48 0.00005286
-0.00014611 51 -0.000092857
-0.00026401 54 0.00036591
-0.00036379 57 0.00018816
-777.594 60  777.594
749.642 63 -725972
-725.972 66 707014
707.014 69 0.000084367
0.000062064 72 -0.000081392
0.000066802 75 -0.00014095
-0.00017724 78 -0.00026414
-801.005 81  801.005
772211 84 772211
-747.828 87 747.828
7283 90  -7283
{Model Vector 14)
Value =0,
Value =0.

-1496977.
-1250982.
0.

{(Model Vector 15)
Value = 400502.
Value = -3014963.

Calc =N Compounent Dir=Y Centroid =Y
3183 - Rod Axial Stress
3183 - Rod Axial Stress

3 -1432804.
6 -1133332.
9 -1067285.
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13
16
19
2
25
28
31
34
37
40
43
46
49
52
55
58
61
64
67
70
73
76
79
82
85
88
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-1191878.
~1451449,
-382696.
-1582134,
-2298548.
0.
-2116548.
-1442737.
-394218.
-0.032412
~-0.10202
0.

0.
0.066311
0.083371
-0.096139
388797.
-374821.
362986.
-353507.
0.0060367
-0.01073
0.12288
0.082894
-400503.
373914.
-364150.

11 -1285707. 12 -1378769.
4 -1513746. 15 -1513746.
17  382696. 18 -1488688.
20 -1765024. 21 -2018212.
23 -2641181. 24 -3014963.
26 -2822445. 27 -2437410.
29 -1859858. 30 -1635255.
32 -1442737. 33 394218
35 351197 36 4.65661E-10
38 -340933. 39 -2.32831E-10
41 -4 40195E-10 42 -4.65661E-10
44 4.65661E-10 45 0.

47  0.12239 48  0.02643
50 -0.073053 51 -0.046428
33 6132 34 0.18296
56 -0.1819 57 0.094078
56 -388797. 60  388797.
62 374821, 63 -362986.
65 -362986. 66 353507
68  353507. 69 0.042184
71 0031032 72 -0.040696
74 0.033401 75  -0.070475
77 -0.08862 8 -0.13207

80  -400502. 81  400502.
83  386105. 84 -386106.
86 -373914. 87 373914,
89 364150 50 -364150.

Output Vector 3186 - Rod Torsional Stress

Maximum Flement (D=1
Mimimwum ElementID =1

Value = 0.
Value = 0.

(Model Vector 16)
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Dasplacement Summary
Maximum Value 0.000064219 Output Vector 1 - Total Translation

Minimum Value -0.000064219 Output Vector 2 - T1 Translation
Force Summary
Maximum Value  19562.8 Output Vector 51 - Total Constraint Force
Minimum Value -9174.38 Output Vector 3036 - Rod Axial Force
Stress Summary
Maximum Value 400502, Output Vector 3183 - Rod Axial Stress
Minimum Value -3014963. Output Vector 3183 - Rod Axial Stress
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For more exact expression of permissible stress see examples under section 17.3 and also p. 66

GADJAH MADA

Caleylation

Tran-

Data

Axles under bending:
(see example 1)

FromMy = Wy <oy == 0,1 43 0

{cm)

=600 to 1000 kef/em® for stationary
axle St 50.11

= 300 to 600 kgf/cm® for rotating axles,
St 50.11

Shafts {approximate
calculation):

For 17, = 120 kgffem?®:

Shafts under
bending and torsion:
(sce example 2)

Shaft with overhumg
pinion:

Fot tan B = 1/1000:

(cm)

Tto = 120 kef/em? for transmission shafts,
St 42.11
=200 to 400 for lfting machinery
shafts, St 50.11
= 50 to 60 for water wheel shafts, oak
wood .

b = 1 for solid shaft

Ty = 400 to 600 kgf/fecm® for lifting
machinery shafts, St 50.11
=300 to 500 kgf/cm?® for lifting
machinery shafts, St 50.11
= 1000 to 1500 kgffem? for rack and
pinion jack, St 70.11
Tty = 600 to 800 kef/em? for rack and pi-
nion jack, St 70.11

r‘zu]

J=const. and E=2.1. 10® kgf/cm?

&= 1 for T repetitive
==————forh 4 ¢
1@ or hollow shaft ‘e Do @y reversing
_ - Tepn g== 1,7for 7 reversing
b = 1,065 for d/d=0,5 ' Tp reversing
a-P G +a, a?
i = = t SN
ef=37 *="3 t3
4> 0,314 7 P-g {em) with a; = distance of pinion centre to bearing centre

2, = Distance between bearings, Fig. 17/2

Long shafis:
according to per-
missible torsional
angle ¢,

d__155’/ M‘

e 18000 M, nd+
rom $m = a-G-J,’ ‘=3

Moreover: .
Bearing distance o< 100+/d (cm) for
multiple supported shafts, corresponding to
deflection due to own weight f=0.16 mm

For G=8.1x 1(° : ' )
kef/cm? and ¢, — bearing distance a <502 (cm),
1/4 °/m: [/ = 12 (cm) corresponding to tan § = 1/1000

i?’i‘-_‘al speed of Flexural vibration: For several mounted masses 1, 2... we have!
rolation Jr=f, +f;+ ... (cm), whereby the deflection f;

. _ =fy+f ... (cm), _
7ig (1/min) ng =30 KY1jf Jfi-.. are determined individually for each
(see example 3) ; : weight the mass as load

K==1 for freely supported shafi/axle
K = L3 for shaft/axle built in on both sides
K= 0.9 for shaft overhung on one side
R
Torsional vibration:* For stepped shaft L=_L, + L,... (cm) is the
20 o length effective torsional spring, consisting of
nge= ]/ € : the lefigth L, L,,. .. of diameter 4,, d,,... _.
= V7. o -
1 L, ' PR et
4 s
¢ M, :'r't_?(d"l"d"*’"') -~
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cPy f -
/// __1§ K\;r‘ven 1.3 5 1,
e

W te

4 Z =
s

#
5 R

er Eurve 7.

8
N\
N
\\

A
\

(!

\

\
Fsy
fegl

v \\\
A\
)
|
L
8

1

§ | A»" ’_J/'/—_—_____.s __#_1:?_ Eurve £,

= -l il .
?;? /r»/////’ijf _’_” 7

% /j%:é"::;"'——r _—_,_-...j ( 3

bt p —lo

= 172 7
e S ——t—— 7%
Kurven 2, 4, 6, &,
10, 13.
“}0 - 2 & a0 e fzaﬂ
stalischs Brushfestighert gy — kg/mane

Fig. 3/27.* Relation between endurance strength for reversed bending of 10 mm dia. C-stcel test pieces and the static
ultimate strength o. (a) Smooth shafts: Polished (curve 1); ground or fine machined (curve 3); rough machined (3),
corroded by ordinary water (11); corroded by salt water (14): (b) With transverse hole: § =0.175 4 (curve 9); (c) With
sharp notch: I mm deep (curve 7); (d) With hub: keyed (curve 12); pressed without key {12a); (g) With step D/d = 2:
y=rid=0.5 {curve 2); = 0.3(4); = 0.2(6); = 0.1(8); = 0.05(10) = 0(13); (f) For steps with other D/d ratios: Substitute
y=r/d + 4. (g) For other diameters d:** Gyy = Gpgyy - b, and T = Typ * Py -
statische Bruchfestigkeit = static ultimate stress; Biegewechselfestigkeit = endurance strength for reversed bending;
: Kurve(n) = curve(s).
* The diagram is based on test data of Thum and Lehr,
**After the initial tests of Lehr and Bautz; see footnote 5 on p. 61 for reason.

Table 3/4. Mean values of endurance strength for iron and stesl polished round test piece. For o, and o, see materials
Tables 5/2 to 5/4 and 5/8. Notch strength, see Fig. 3/27 and Table 4/1 p. 73

. Tension™* Bending*™ - Torsion
Maner °w “or W10 “bur T R Tw “tor k74
03160, &
Costeel . ... 0.7 %Bw 180, |0450, |186,,; | Llso, | 0,580,,; |19 Ty | 000p
Cast steel 0260, ~ 115 0,58 7 19« 0,7¢
ee 0650 L8aop 0do, 1,80, JAbap 580,y | L9ty A
(RS 7Y
Cast iron* 3'25 Gp ™ 1,60, 050 B 1,6 o — 0,75 S 14 Ty —
%W 1p )
Maleable cast . 02805 =~ 180, !|040, 180, {110, 0640, | 19T, | 070y
iron 070, "

*For cast iron 0_, = 3 6, 6,9 + 14 o,
**6_p, is higher for compression, e.g., 1.3 o, for spring steel.
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UNIVERSITAS ‘Table 2.16 Service factor for different service conditions

GADJAH MAD!
GRIVE BY FREQUENCY TYPE OF DUTY VULNERABILITY
. OF 10
STARTING
[ w
gleg| § |3
Lix= Q =
2 | 5|92 b “ .25
g < 7 E - : «
Q e ~
-~ z - . -9 : -
3 SiSi28d & 1§ =
Q 5 giuy e
Q z 3 b4 i T e
~d [N w Lo ] o
iy b3 b 3 o q 30 -
v 5 ] > | =2 =] «
x| 5] & |&|&2 3 , S
Oy W L] 3 5
[ = 4
| ¥ 2 & & | 25 &
coMBusTion | © < 3
ENGINES ~ > A ' BN
3 o
/ - ; ::‘i
/ X . 2.0
L CYLINDER - 7 / \
2. CYLINDGER ~// K / —_—— _.._--\ 1.5
. o - P
£ CYLINDER ' \
STEAM ENGINE- ]
R \  io
WATER TURBINE
] L 0-9
GASTURBINE ] .
ELEC. MOTOR ' o5

Based on Die Tragfachigkeit der Zahnraeder, Thomas and Charchut, Tth Edition, 1971, table no. 5, p.129.
il Hanger Verlag, Munich.

Table 2.14 Factor X, in relation to factor £, and velocity v

vinm/s
K in 1 2 4 6 8 10 1z i 16 3 20
Fa e e e T T U
K, % 107% in $/m

500 57 56 56 46 34 29 26 21 L9 19 16
1000 50 49 a8 41 34 30 27 24 21 19 1%
2000 38 37 32 30 27 x5 24 23 22 21 20
3000 33 3¢ 25 24 23 323 22 22 31 A
4000 it 29 2523 23 23 23 220 2T 22 22
5000 3 2% 25 23 23 23 23 23 23 23 23
L0000 30 29 24 23 23 23 23 23 23 23 23
12000 29 28 24 23 23 23 23 23 23 23 23

Based on Die Tragfachigkeit der Zahnraeder, Thomas and Charchut, 7th Edition, 1971, table no. 6,
-p. 30. Carl Hanser Verlag, Munich.
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GADJAH MADA™= = == === = 2 =~ = P s — e it .

Ac{facenr pitch error

Cumulative pitch ervor .

ear Tooth praﬁle error
greakity Fr
3 3.0+ 0164,
4 4.0 + 0.25 ¢,
5 50+ 0.40 4
[ 6.3+ 0.63 ¢,
7 804 Loo 4,
8 100 4 1.60 ¢,
9 16.0 -+ 2.50 ¢
10 250 4+ 4.00.¢,
. 11 400 4 6.30¢,
. 12 63.0 4 10.00 8,

2040164,
3.2+ 0254,
5.0 -+ 0.40 6,
8.0 - 0.63 &,
110 -+ 0.90 6,
1604 125 ¢,
22.0 -+ 1.80 4,
32.0 4+ 2.50 4,
450 + 3.55 4,
63.0 +5.00 6,

25.0 + H0.00 /L

33.0 + 14.00 V1
.50.0 + 20.00 /L

Arc length knm on a sector of & number 3

Note: ¢y = m +0.10 4/d. 6, = m +0.25 /d, L (mm) =

of pitches, Lmax = 72, m {module} and d {pcd) are in mm.

050 i

0.63 /5
0.80 5
10045
12545
20045
'3.154/D

500475

8.00 b

+ 12,50 /5

Gear - Tooih-ro-roaﬂ: composite Total composite error, .
quality error, double flank . double flank
' I LA ,

3 40-!—0326 W04 GEG S,

4 6.0+ 0.45 4, 16+ 1254,

5 9.0 £ 0.56 4, 25 + 200 4,

6 12.0 + 0.90 4, 40 4 320 4,

7 1604+ 1.25 4, 564 4.504d,

8 220 4+ 1.80 ¢, . 7145604, -

9 28.0 + 2.24 4, 90+ .10 4,

w 36.0 + 2.80 4, itz + s.004,

H 45,0 + 3.55 ¢, 140 4- 1125 4,

i2 56.0 + 4.35 4, . 104 1400 ¢,

Tabie 2.15 Allowable circumferential velocity of gears in relation to the

manufacturing processes and quaiity

Cast, coarse ¢, gas cut, flame cut

Smooth finished

Ground

Scraped, shaved, fine ground
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15 Symbal
{alil}

Grade 20 7
Grade 25

Grade 2
Grade |

Grears of Heht duty work,
low speed (upto 0.8 mfs),
hand-operated winches, ete.

Gears with increased Joad
capacity and resistance to
conlact siress

Mediun: speed gears (upto
R m/s), crane whecl ecars,
ceane ¢ross teavel and long
travel pears

378i2Mn90
40 Cr § Mo 28

Low speed, light duty gears
Medium speed, medivm duty

© gears

Gears for gear oif pumps
Gears for conventional gear
boxes

Cross and long travel gears
far cranes

Medium to high speed gears
machine tool gear boxes, clc.

&1 . FAY 15 Spmibad
Na, Material Aur, (rew)
1 Cast FG 200
2 iron 2o FG 260
i Cast iron with 1865 5G Sy7
4 spherojdal graphite ? 5G 600/
5 " Chst Grade; 26.52
4 stecl re3o Grade: 30-57
7 Standard or f'e 410
] structural 1510 Fe 490 .
-9 steels Fe 620
10 Fe 6%0
11 45C38
12 Heat 1570 60C4
13 treatable :
14 slecl
15
RYA . 18 15: Symbal
No. Material No. (new)
16 [ {iX o]
17 Case 15C4
I8 carburising 1570
19 steel
20 Flane or 45C38
n tiduction 157 i Cr 4§
22 hardening
stecl
2} Steel hardened 1570 0 Cr4
24 in cynide bath

IS: Symbeol
(old)

iI7Mn1Cr 98
L 20MaCri

C45
40Cr 1
37 5i 2N 20

4ncCr i
JTSi2Mn )

Ilesvy duly transmission
pgears ’
General purpose gear boxes
where hardened gear surface
is imperative

Hodsting, crane, liming pears
ivalving medivm o heavy
duty

For gears of heavy duy

For pears with  high sarface
hardness wul where the stres-
ses are nigh and exacting
Gears for superlicislly laed
toath surfaces
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UNIVERSITAS o Ul!crm St ] wl-:’s; Emd limit  Perm. Ben, St. Sur. ,:i:f Str.  Br l?:;;iuu: i
GADJAH MADA™ t op 0-2) e o Pee et
0. i e it R L T
Average valires (Njmmt)

1 piiit] —— 20 15 M3 1410 —

2 260 — 115 45 YA 26000

k 500 320 —_ 120 370 1960

4 GO k¥ /i) —_ 150 550 2208 -

5 520 260 205 %0 65 MID L eated

6 570 3 235 110 Jv0 1720 nneale

1 . 410 350 220 1o 335 1230

3 440 2% 255 120 o 1470

aled

Y 620 380 205 135 130 770 fmealed

10 690 410 370 160 510 2040
i1 600 380 320 130 450 {310

12 00 430 Ky i] 150 Gt 2064 Quenched
[ & I o 650 J00 170 45 2550 bardencd nad
H a7s 190 610 - 2160 tempered
i5 700 300 500 135 745 3340 ’
16 500 300 260 130 1630 5790,
17 son ion 0 155 1720 6250 y .
13 ¥o0 sug 250 1790 oy THardencd
9 950 GRS 260 1799 6380

Talde 4/8. Machine construction stecls to DIN 1611 (Dec. 1935) Ginnliayed C-Steel)

Min, Atin, "
el IS e .
Symhol L.lun C- ] a i, k. , Applicatimg
Contens - n‘, f‘!. & 7 mm?

SLO0.1t o1 <ho —_ —_ —_— low stressed components.

St 34,11 0,12 34---42 19 30 46---120 Forged steel; easy machining, carburising and
forge welding, highly ductile,

St 3413 012  [4--42] 14 a0 95---120 | Rivets.

St 3t 0,16 3145 (21} 26 105126 | Commion forged steel.

St 42.11 026 142501 23 25 120-+140 | Medium  stressed shafts and gears, small
connecling rodd, pressed and die forged compo-
neats.

St 50,11 0,36 |s0--60l 27 o9 140---170 | Higher stressed shafts and gears; connecting rods,
pistons: casy machining, jess hardensble; svitable
for shiding loads.

St 60,11 0,46 [60---70] 30 17 170---106 | Stronger parts; components subject to sliding like
dowels, taper fays, gears, warms, spindies and
plungers; hardenable,

F 4

51 7058 0,0 70-+-85{ I8 12 106240 | Tool steel for highly fonded, naturally ined
components like cans, roflers, rolls, dies, also
haedened components like eaf and coiled springs,
punches, culling edges and rolls; highly
hardennble; can e machined.

' ¥alues added by Prol. Nicnuuin.

! Accurding to DIN 1613 {Sept. 1943,
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Fig. 14/7. Nomograms for cocflicients for £, f;. /; as = function of speed of rotation # (rpm), of life L,
in service Jwours and of bearing temperature ¢ (°C). For 12 100°C, f;= 1.
_ U/min == rpm; Bete. S, = operational hours,

Teble 19/4. Characteristics of friction clutches and brakes

I-'igun: v [N B, - ;N_K_I_O_..
Type refer- bid By~ ga|Fe=gay| P Other remarks
ence kglicm! | kaffcm? 'c:—(nT!s—)“'-
Clutckes: ]
Shoe, band, cone Table ; 015---0,3 |2 -8 10 -.-1,6 j=1
disc, j=11t0 2 2¢:1 3 0,15---0,3 |2 5
g 0,1 -+-0,25]0,8---35 0.45---0,65 | dry romning
P.'.tle. a1 ---025(08.--35 0,46.--1,0 wet (oil)
j=41020 i 0,1 --025]0835; - 2,0 4,5 oil flow
Automobile wheel brakes 76 17] 0.1 ---0,15 |3 ---5.3 b, = 3,2---4,6 mfs?
Passenger car . . . . . 0§ ---015}3 551 4,58 G, =weight of the
Trock .« -« - 4 . . . I al ---015]3 ----’..':[ 4 B vehicle per brake
Cranc brakes . . . . . |2 32| 03 04 Jaons a8--1.4 for:
Holding brakes . . .« . | W w3 ---0d 3 i Load b, << 1,4 ms?
Stopping brakes., . . o [ 3| ol | 0,200 g == 0,5---5 sec.
Lowering brakes - - - a3 ---04 025 |} z and L, (Teble 29/5¥%
Dynamometer brakes. . | 29 18] 0,2 ---0,5 i . for a0 = 60°C
H 1,1---1.8 Dry runnieg and air
coaling
| G- 1} Dry rumning and
B ) water cooling
: 22...24 Water lubrication
and water cooling
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R Table 2.1 Terrain Values
: Moisture k k

Te ¢

rramn Content (%) - - : : : ¢

_ Ib/in?*! kN/m"*! 1b/in?*? kN/m"*? lo/in? kPa

Dry Sand
(Land Locomo- 0 . Ll 0.1 0.95 358 1528.43 0.15 1.04 28
tion Lab., LLL)

Sandy Loam 15 - 07 2.3 - 527 16.8 1515.04 025 172 29¢
(LLL) 2 02 7 2.56 3 43.12 0. 1.38 38°
Sandy Loam 1r - 6.9 i 52.53 6 1127.97 6.7 4.83 20°
Michigan 23 - 04 15 tl4z 27 808.96 1.4 9.65 35°
(Strong, : . )

Buchele) . ,
Sandy Loam 26 - 0.3 53 279 68 . 14L11 2.0 13.79 22°
(Hanamoto) 32 05 0.7 . 077 - 12 5191 075 517 11°
Clayey soil 38 05 12 13.19 16 692.15 06 414 13°
(Thailand) 55 . Q7 7 16.03 14 1262.53 0.3 2.07 10°
Heavy Clay ©25 0043 45 12.70 140 155595 10 68,95 34°
(Waterways Ex- 40 = Gl 7 1.34 10 103.27 3 2068 6°
periment Stn., v

WES) i .

Lean Clay 2 02 45 16.43 120 172469 10 68.95 20°
(WES) R 0.15 5. 152 10 11961 2 1379 11°
Snow o 16 0.07 437 008 19672 015 103 19.7°
{Harrison) 1.6 0.04 245 0.10 245.90 0.0 062 23.2°

Source. References 2.3 and 2.16.

Fig. 2.19 Vanation of the Terzaght bearing capacity factors with the angle of intermal -

VALUES OF o

.= 44% N, = 260
©=48° N, = 780

N

! L.

070 60 S50 40 30 20 10110 20 40 60 BO W0

~ VALUES OF N_ AND No = 5710 VALUES OF Ny~

shearing resistance, (From Theoretical Soil Mechanics, by K. Terzaghi, 1966, reproduced by
permission of Johr Wiley and Sons, Inc.}
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Simbol Komponen-komponen Hidrolik

THE SYMBOLS SHOWN CONFORM TO THE AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
SPECIFICATIONS.IBASIC SYMBOLS CAN BE COMBINED IN ANY COMBINATION. NO ATTEMPT

1S MADE TO SHOW ALL COMBINATIONS,

LINES AND LINE FUNCTIONS

LINES AND LINE FUNCTIONS {CONT.)

* LINE, WORKING

LINE, PILOT {L>20W)

__DIRECTION OF FLOW, -

HYDRAUL|C
PNEUMATIC

P e

—_—

LINE, DRAIN [L<5W)

CONNECTOR

. LINE TO RESERVOIR
ABOVE FLUID LEVEL
BELOW FLUID LEVEL

=5
E.__

LINE, FLEXIBLE

LINE TO VENTED MANIFOLD

LINE, JOINING PLUG OR PLUGGED
CONNECTION
LINE, PASSING RESTRICTION, FIXED

‘)‘( x|y

VALVE EXAMPLES

METHODS COF OPERATION

UNLOADING VALVE,
INTERNAL DRAIN,
REMOTELY OPERATED

PRESSURE COMPENSATOR

DECELERATION VALVE,
NORMALLY OPEN

He | B

SEQUENCE VALVE,
DIRECTLY OPERATED,
EXTERNALLY DRAINED

PRESSURE REDUCING
VALVE

"~COUNTER BALANCE
VALVE WITH INTEGRAL
CHECK

TEMPERATURE AND
PRESSURE COMPENSATED
FLOW CONTROL WITH
INTEGRAL CHECK

DIRECTIONAL VALVE,
TWO PQSITION, THREE
CONNECTION

DETENT

MANUAL ~ ’,:[

MECHANICAL CL“{

PEDAL OR TREADLE ,t[

PUSH BUTTON (o=

LEVER ﬁ:

i

PILOT PRESSURE ,_r:f:

. SOLENOID l—_-—;:

DIRECTIONAL VALVE,

SOLENOID CONTROLLED,

PILOT PRESSURE OPERATED -

A

THREE POSITION, FOUR X
CONNECTION .I'IH
VALVE, INFINITE e
POSITIONING (INDICATED

BY HORIZONTAL BARS)

SPRING

SERVO

A
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UNIVERSITAS :
GADJAH MADA PUNMPS MISCELLANZOUS UNITS (CONT}

. SINGLE TEMPERATURE GAGFE i
UMP, SINGLE

FIXZO DISPLACEMENT

'FLOW METER (FLOW RATE}

PUMS. SINGLE ELECTRIC MOTOR
UMP, 3 £ .

VARIASLE DISPLACEMENT

ACCUMULATOR, SPRING
LOADED

MOTOR AND CYLINDERS

: v
ACCUMULATOR, GAS
MOTCH, ROTARY CHARGED
FIXED DISPLACEMENTY
P .
G

FILTEZR OR STAAINER

HEATER

MCTOR, RCTARY

VARIAZBLE DISPLACEMENT
COOLER

MOTOR, BSCILLATING TEMPERATURE CONTAOLLER

INTENSIFIER

R R D

CYLINDER, SINGLE ACTING
PRESSURE SWITCH

CYLINDER, DOUSLE ACTING EE
BASIC VALVE 5YMEOLS

CYLINDER, DIFFERENTIAL CHECK VALVE

ROD

—
i ) MANUAL SHUT OFF
" ' ' VALVE oo
CYLINDES, DOUBLE - 1 1 — : —
ENG ROD ‘bi“_“f‘ BASIC VALVE - e . S D
L ENVELOPE -~ .- o e W
CYLINDER, CUSHIONS 3 “VALVE, SINGLE FLOW :
BOTH ENDS PATH, NORMALLY CLOSED —+
MISCELLANEOUS UNITS - - ' BASIC VALVE SYMBOLS (CONT.)
DIRECTION OF ROTATION i - VALVE, SINGLE FLOW
[ARROW IN FRONT OF SHAET) : PATH, NORMALLY OPEN
- VALVE, MAXIMUM :
COMPONENT ENCLOSURE i i PRESSURE (RELIEF)

BASIC VALVE SYMBOL,
MULTIPLE FLOW PATHS

l:j FLOW PATHS BLOCKED

! RESERVOIR, VENTED

. RESERVOIR, PRESSURIZED IN CENTER POSITION

MULTIPLE FLOW PATHS {ARROW
SHOWS FLOW DIRECTION)

5(8 /8| & ¢

PRESSURE GAGE @
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Table 14/5. Radial bearings. Dimension group € (very Hight series)

AR Simemicons are in mm

£ x basic load Tating

Deepgroove ball bearine

Cviindrical rofier Beasing

DIR 625 (Aug. 1042)

DIN 5412 (Aug . 1942}

P=z-P +y-P, P=z-P,
==l Trax14
r=1
c:p. 1 5 [10] 20] a0 P
¥ 14 161 18] 20 y=2

d D r Symbol b :&f Symbol -3 £ kgr

3 16 | 03 | EL3 4 40 —_ B —_

4 13 4L 5 80 — —_ e —

5 16 5 5 140 — — | - —

6 19 6 8 216 — —_ -~

1. 19- 7 8 156 — — | - —

8..4...8% 8 ki 240 - —_— - -

9 %4 9 7 260 — — | — —

10 26 6000x 8 340 — — | - —

12 28 0lx 8 35 — — | - —

150 82 02x 9 405 — — — —

17 23 03x | 10 430 — — | - —

20 42 1 0dx | 12 695 — —_ | - -
251 47 05x | 1z . 750 { NUE25 | 12 | 05 830
30 55 1,5 o6x | 13 1000 30| 13 { 08 1 100
35 62 3§ ofx | 14 1200 3B 14 1 340
40 68 08x | 15 1276 403 15 1 1560
i e 1 08x | 16 | 1630 45| 16 1860
50 80 W0x | 18 1700 50} 16 2000
55 90 2 1x | 18 2200 551 18 15 23280
60 95 12x | 18 2280 60 | 18 2360
65_1 100 | 2 "18x | 18 2 400 -85 |- 18 1,5 2450
0 | 110 l4x | 20 3000 70 | 20 3550
75 | 115 15z | 20 3150 75| 20 3850
g0 | 125 16x | 22 3750 80 | 22 £500
85 | 130 17x | 22 35800 85| 22 4900
.80 | 140 2,5 18x | 24 | -4560 80 F 24 | 2 & 500
95 | 143 19x | 24 4 800 95 ] 24 5600
100 | 150 20x | 24 4 800 W00 | 24 5850
105 | 160 3 21x | 26 51700 105 | 26 6 00
116 | 170 22x | 28 6 400 10| 28 8 500
-120 | 180 24x | 28 61760 120 | 28 9 150
130 | 200 26x 33 8300 139 | 33 11 203
140 | 210 28x | 33 8 650 140 | 33 12 000
1506 | 225 3,5 30x | 35 9 800 150} 85 | 25 | 13400
160 | 240 32x | 38 | 11000 160§ 38 | 16 300
170 | 260 34x 42 | 12800 170 | 42 3.5 19 600
180 | 280 36x | 46 | 14800 180 | 46 24 500
130 | 290 8x | 46 | 15600 L1801 46 25 500
200- | 310 40x | 51 | 17600 200 | 51 28 000
226 | 340 4 4x | 56 | 20000 220 | 56 | 4 36 560
240 | 360 48x | 56 | 21200 240 | 56 39 000
260 | 400 8 s2x | 85 | 24500 20| 65 { 5 48 600
280 | 420 56x | 65 | 25500 280 | 65 51 000
300 | 460 60x | 74 1 30500 300 T4 67 000
820 | 480 B84x | 74 | 32000 320 M 63 000
340 | 520 6 68x | 82 | 38000 340 | 82 6 83 000
360 17540 T2x | 82 | 40000 360 | 82 a6 500
380 1 560 76x 82 | 40000 380§ 82 88 000
400 | 600 80x | 80 | 45000 400 | 90 110 000

"The smal! values of x are appliceble for peripheral load, the large ones for point lead {~r the ipier r

Melnnos 10 dimencins arann T {liaht coriecl
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Table 14/6. Radial bearings. Dimension groug 5.

Drecp groove ball bearing

Angitarconac ball betring.

Self-aligning bl béaring

DIN 625 (Aug. 1042) DIN 628 {Aug. 1948) DIN 880 {Avg. 1042y .
Al dimensices are in mm
C = basic Joad rating P=z-P 4y Py Papr-l-'-Pq
£l zwm 1} Bewringna.| ¥ § 1206107 | gegr
=05 13300/04 | 2,25 | 120800 | 85
. =07 e f
c:iP | 5 |10 ) 2] y o1 1200/03 ¢ 25 | 121012 | 40 }
¥ 14 16{135]20 1204105 | 275 | 1218728 | ¢ |
d F] r Syrmbot 5 f:_r Symbol i ) f;, Symbot Y Sf .
4 16 1 05 | R4Y, 5 140 — - — - —_ -
5 19 R 5] 6 216 —_ — — 133 00 N Hi)
ot 22 R7 7 240 — — — 02 7 193
9 26 1 RY9 8 340 —_ — — o4 8 275
10 30 6200 9 340 QA 10 9 430 11200 g 350
12 32 01 10 530 12 10 465 91 10 415
15 - 35 02 11 585 i5 11 546 02 11 570
17 40 1,5 03 12 720 17 12 735 03 12 640
20 47 04 14 4980 20 14 1120 G4(1b) 14 820
25 52 05 15 1040 25 15 1270 05(kh)| 15 1020 -
30 62 06 16 1 460 30 16 1560 06(1b) 18 1400
35 72 2 07 7 1960 35 17 1900 07¢1b) 17 1530
40 80 ' 08 18 2 240 49 18 2280 08({1b} 18 1830
45 85 09 19 2 500 45 19 2360 08(1h) 19 2160 -
50 90 6210 20 2700 5 20 2450 | 1210(1h} 20 2320
55 | 100 | 25 1 21 3250~ 55 | 21 3150 IN{IbY 21 | 2800
6G 110 12 22 4 000 60 22 £ 000 12(1b) 22 3200
65 120 13 23 4400 65 23 4 550 I3{b)| 23 3450
0 125 14 24 £ 650 70 24 4750 14{1b)| <24 3300
75 130 is 25 500G 5 25 5000 1I5(1b} 25 4250
80 140 3 6216 26 5 560 QA 80 26 5 850 1216(1c)| 26 4500
85 150 17 28 6 306 85 28 6 550 I7¢lc}} 28 | 5400
a0 180 18 30 7100 90 30 7350 I8(lc)| 30 £000
95 | 170 | 3,5 19 32 000 85 | a2 8500 19(1c¢)| 32 | 6800
160 180 20 34 9 000 100 34 9500 20(1ec)| 34 7350
105 190 21 36 9 800 105 38 10 600 21(lec) 36 BOOO
110 200 22 38 10 800 110 38 11 800 22{ic}| 38 93060
120 213 24 40 11000 H 40 12 500 _ — -
130 230 4 26 40 12 006 130 40 12900 — e -
140 250 28 42 12 900 140 42 14000 — —_ -
150 | 270 30 45 | 13780 C150 | 45 | 16600 — — e
160 290 32 48 14 6060 160 48 18 600 e — e
170 310 5 34 52 17006 170 52 21 200 — - — L
180 320 36 52 13 300 150 52 22000 — — —_
150 340 38 55 20 800 180 55 23 600 — — —
200 360 40 58 22 000 200 58 26 500 — — -
220 400 44 65 24 500 — e —_ ha — -
210 440 48 72 30000 _— —_ —— - — bl
260 480 [ 52 80 34 000 — —_ — - - -
280 500 56 84 36000 —_ — — ~ — b

*The small values of x are applicable for peripheral load, the large ones for point foad for the inner race.
*Beloags to dimension group 2 (light series). ’
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