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. (Paragraph A) Name TWO main types of welding processes.

=3

. (Paragraph A, B) Which word in paragraph B means the same as the word "join" in paragraph A?

I

. (Paragraph B) What is a filler?

(=%

. (Paragraph B) What is the way the welding processes are sorted in the table?

(]

. (Paragraph C) Why is electric arc so effective in producing heat?

)

. (Paragraph C) Which types of welding do not use fillers?

g. (Paragraphs C) What is the difference between Stick welding and Flux Cored Arc welding?

h. (Paragraphs C) Why is the flux used in Flux Cored Arc welding process?

i. (Paragraph C) Gas welding is performed without a non—flammable gas shield. Why?

j. (Paragraph D, E) State ONE point of difference and ONE point of likeness of the welding types mentioned in these two

paragraphs.
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With full outer
ring shoulders

>~

With recessed outer
ring shoulders

Principal Basic load ratings Fatigue Speed ratings Mass Designation
dimensions dynamic  stalic load Lubrication
limit grease ol

d D B c Co B

mm N N r/min kg -

20 32 7 2700 1 500 63 19000 24 000 0,018 61804
37 9 6 370 3 650 156 18000 22 000 0.038 61804
42 8 6 890 4 050 173 17000 20 000 0,050 16004
42 12 9 360 5 000 212 17 000 20 000 0.069 6004
47 14 12700 6550 280 15 000 18 000 0.11 6204
52 15 15900 7800 335 13 000 16 000 0.14 6304
72 19 30 700 15 000 640 10 000 13 000 0.40 6404

25 37 7 4 360 2 600 125 17000 20 000 0.022 61805
@2 9 6 630 4 000 176 16 000 19 000 0.045 61905
47 8 7 610 4750 212 14 000 17 000 0.060 16005
47 12 11200 6550 278 15 000 18 000 0,080 6005
52 15 14 000 7 800 335 12 000 15 000 0.13 6205
62 17 22 500 11 600 490 11 000 14 000 0.23 6305
80 21 35 800 19 300 815 9 000 11 000 0.53 6405

30 42 7 4 490 2 800 146 15 000 18 000 0.027 61806
47 9 7 280 4 550 212 14 000 17 000 0.051 61806
55 9 11 200 7 350 310 12 000 15 000 0,085 16006
55 13 13300 8300 355 12 000 15 000 0.12 6006
62 16 19 500 11 200 475 10 000 13 000 0,20 6206
72 19 28 100 16 000 670 9 000 11 000 0.35 6306
80 23 43600 23600 1 000 8 500 10 000 0.74 6406

3 47 7 4 750 3 200 166 13 000 16 000 0.030 61807
55 10 9 560 6 200 290 11 000 14 000 0.080 61907
62 9 12 400 8 150 375 10 000 13 000 0.11 16007
62 14 15 900 10 200 440 10 000 13 000 0.16 6007
72 17 25 500 15 300 655 9 000 11 000 0.29 6207
80 21 33 200 19 000 815 8 500 10 000 0.46 6307
100 25 55 300 31 000 1290 7 000 8 500 0.95 6407

40 52 7 4 940 3 450 186 11 000 14 000 0,034 61808
62 12 13 800 9 300 425 10 000 13 000 0,12 61908
68 9 13 300 9150 440 9 500 12 000 0,13 16008
68 15 16 800 11 600 490 9 500 12 000 0,19 6008
80 18 30 700 19 000 800 8 500 10 000 0.37 6208
90 23 41 000 24 000 1020 7 500 9 000 0.63 6308
1o 27 63 700 36 500 1530 6 700 8 000 1.25 6408

Calculation lactors for single row deep groove ball bearings
Single boarings and bearing pairs in tandem

Calculation factors for single row deep groove ba!

Normal clearance C3 clearance C4 clearance Bearing pairs arranged back-to-back or face-to-face

FolCoy @ X Y ] X Y e X Y F/Cy € Y, Y,
0025 022 056 2 031 046 1,75 0.4 044 1,42 0,03 032 2 2.8
0,04 024 05 18 033 046 1,62 0.42 044 136 0,10 0.4 155 22
0,07 027 056 1.6 036 046 1,46 044 {144 1,27 0,25 0,47 1.3 1.85
0,13 031 056 14 041 046 13 048 044 1,16

0,25 037 056 1.2 0,46 046 1,14 053 044 1,05

0.5 0,44 56 1 054 046 056 044 1
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2NN Kk | Cos |[T>NNDTPN bv? g:z’n [EvS) TN how 0 0P tany mn nYos | NN now 0 20 tany n”m
WP cos g | @ =30 u o P NN M9 | M00PeN n9ynn P ) M | M20peN NN
e d=M [mm] A d, d; Y [mm] A d, d; Y
662 | 0115 | 0.866 0.1 T [mm?] | [mm] | [mm] [mm?] | [mm] | [mm]
il Mo T i 2 04 179  1.509 174 | 0073 4.19
7.94 | 0.139 0.866 0.12 2.5 0.45 2.98 1.949 2.2 0.065 373
8.60 | 0.150 0.866 0.13 3 0.5 4.47 2.348 2.675 0.060 341
9.26 | 0.162 0.866 0.14 35 0.6 6 2.764 311 0.061 3.52
4 0.7 775 3.141 3.545 0.063 3.60
sl | N i i 5 0.8 12.7 4.079 4.42 0.058 3.30
10.59 | 0.185 |  0.866 0.16
11.25 | 0.196 |  0.866 0.17
11.91 | 0.208 0.866 0.18 6 1 179 4.773 5.35 0.060 341
12.57 | 0.219 |  0.866 0.19
13.23 | 0.231 |  0.866 0.2
8 1.25 32.8 6.466 7.188 0.055 3.17 1 36 6.773 7.35 0.43 2.48
10 1.5 52.3 8.16 9.026 0.053 3.03 1.25 56.3 8.466 9.188 0.43 2.48
12 175 76.3 9.853 10.863 0.051 2.94 1.25 86 10.466 10.647 0.037 2.14
14 2 104 | 11546 | 12701 0.050 2.87 15 116 12.16 | 13.026 0.037 2.10
16 2 144 | 13546 | 14.701 0.043 2.48 1.5 157 14.16 |  15.026 0.032 1.82
20 2.5 225 | 16933 | 18.376 0.043 2.48 1.5 259 18.76 |  19.026 0.025 1.44
24 3 324 20.319 22.051 0.043 2.48 2 365 21.546 22.701 0.028 1.61
30 3.5 519 25.706 27.727 0.040 2.30 2 596 57.546 28.701 0.022 1.27
36 759 31.092 33.402 0.038 2.19 2 884 33,546 34.701 0.018 1.05
42 1050 36.779 39.077 0.033 1.87 2 1230 39.546 40.701 0.016 0.90
48 1380 41.866 44.752 0.036 2.04 2 1630 45.456 46.701 0.014 0.78
56 5.5 1910 49.252 52.428 0.033 191 2 2250 53.516 54.701 0.012 0.67
64 6 2520 56.639 60.639 0.032 1.81 2 2980 61.546 62.701 0.010 0.58
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Specific Volume Internal Energy Enthalpy Entropy
il S N WK ot NG
Sat Sat Sat Sat. Sat Sat Sat.
Vapor Liquid Vapor Liquid Evap. Vapor Liquid Vapor Press.
I S - - . .. - he ... b . J... he . |5 ). 5..]. bar
34.800 12145 | 2415.2 121.46 | 2432.9 | 2554.4 | 0.4226 | 8.4746 0.04
23.739 15153 | 2425.0 15153 | 2415.9 | 2567.4 | 0.5210 | 8.3304 0.06
18.103 173.87 | 2432.2 173.88 | 24031 | 2577.0 | 0.5926 | 8.2287 0.08
14.674 191.82 | 2437.9 191.83 | 2392.8 | 2584.7 | 0.6493 | 8.1502 0.10
7.649 25138 | 2456.7 25140 | 2358.3 | 2609.7 | 0.8320 | 7.9085 0.20
5.229 289.20 | 2468.4 289.23 | 23361 | 2625.3 | 0.9439 | 7.7686 0.30
3.993 317.53 | 2477.0 317.58 | 2319.2 | 2636.8 | 1.0259 | 7.6700 0.40
3.240 340.44 | 2483.9 340.49 | 2305.4 | 2645.9 | 1.0910 | 7.5939 0.50
2.732 359.79 | 2489.6 359.86 | 2293.6 | 2653.5 | 11453 | 7.5320 0.60
2.365 376.63 | 2494.5 376.70 | 2283.3 | 2660.0 | 1.1919 | 7.4797 0.70
2.087 39158 | 2498.8 391.66 | 2274.1 | 2665.8 | 1.2329 | 7.4346 0.80
1.869 405.06 | 2502.6 405.15 | 2265.7 | 2670.9 | 1.2695 | 7.3949 0.90
1.694 417.36 | 2506.1 417.46 | 2258.0 | 2675.5 | 13026 | 7.3594 1.00
1.50 11.4 1.0528 1.159 466.94 | 2519.7 467.11 | 22265 | 2693.6 | 1.4336 | 7.2233 1.50
2,00 | 120.2 1.0605 0.8857 504.49 | 2529.5 504.70 | 22019 | 2706.7 | 15301 | 7.1271 2.00
2,50 | 127.4 1.0672 0.7187 535.10 | 2537.2 535.37 | 21815 | 2716.9 | 1.6072 | 7.0527 2.50
3.00 | 133.6 1.0732 0.6058 56115 | 2543.6 561.47 | 2163.8 | 2725.3 | 16718 | 6.9919 3.00
3.50 | 1389 1.0786 0.5243 583.95 | 2546.9 584.33 | 2148.1 | 2732.4 | 17275 | 6.9405 3.50
4.00 | 143.6 1.0836 0.4625 604.31 | 2553.6 604.74 | 2133.8 | 2738.6 | 17766 | 6.8959 4.00
4.50 | 147.9 1.0882 0.4140 622.25 | 2557.6 623.25 | 2120.7 | 2743.9 | 18207 | 6.8565 4.50
5.00 | 151.9 1.0926 0.3749 639.68 | 2561.2 640.23 | 2108.5 | 2748.7 | 18607 | 6.8212 5.00
6.00 | 158.9 1.1006 0.3157 669.90 | 2567.4 670.56 | 2086.3 | 2756.8 | 19312 | 6.7600 6.00
7.00 | 165.0 1.1080 0.2729 696.44 | 2572.5 697.22 | 2066.3 | 2763.5 | 1.9922 | 6.7080 7.00
8.00 | 170.4 11148 0.2404 720.22 | 2576.8 72111 | 2048.0 | 2769.1 | 2.0462 | 6.6628 8.00
9.00 | 175.4 11212 0.2150 74183 | 2580.5 742.83 | 20311 | 2773.9 | 2.0946 | 6.6226 9.00
10.0 179.9 1.1273 0.1944 761.68 | 2583.6 762.81 | 2015.3 | 27781 | 2.1387 | 6.5863 10.0
15.0 198.3 1.1539 0.1318 843.16 | 2594.5 844.84 | 1947.3 | 2792.2 | 2.3150 | 6.4448 15.0
20.0 212.4 11767 0.09963 906.44 | 2600.3 908.79 | 1890.7 | 2799.5 | 2.4474 | 6.3409 20.0
25.0 224.0 11973 0.07998 959.11 2603.1 962.11 1841.0 | 2803.1 | 2.5547 | 6.2575 25.0
30.0 233.9 1.2165 0.06668 1004.8 2604.1 1008.4 1795.7 | 2804.2 | 2.6457 | 6.1869 30.0
35.0 242.6 1.2347 0.05707 1045.4 2603.7 | 1049.8 1753.7 | 2803.4 | 2.7253 | 6.1253 35.0
40.0 250.4 1.2522 0.04978 1082.3 2602.3 | 1087.3 17141 | 28014 | 2.7964 | 6.0701 40.0
45.0 257.5 1.2692 0.04406 1116.2 2600.1 1121.9 1676.4 | 2798.3 | 2.8610 | 6.0199 45.0
50.0 264.0 1.2859 0.03944 1147.8 2597.1 1154.2 1640.1 | 2794.3 | 2.9202 | 5.9734 50.0
60.0 275.6 13187 0.03244 1205.4 2589.7 | 1213.4 1571.0 | 2784.3 | 3.0267 | 5.8892 60.0
70.0 285.9 1.3513 0.02737 1257.6 2580.5 | 1267.0 1505.1 | 27721 | 3.1211 5.8133 70.0
80.0 295.1 13842 0.02352 1305.6 2569.8 1316.6 1441.3 | 2758.0 | 3.2068 | 5.7432 80.0
90.0 303.4 1.4178 0.02048 1350.5 2557.8 | 1363.3 1378.9 | 27421 | 3.2858 | 5.6772 90.0
100. 3111 1.4524 0.01803 1393.0 2544.4 | 1407.6 1317.1 | 2724.7 | 3.3596 | 5.6141 100.
110. 318.2 1.4886 0.01599 1433.7 2529.8 | 1450.1 1255.5 | 2705.6 | 3.4295 | 5.5527 | 110.
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Welding Processes and Types

Paragraph A

Welding is a process by which two pieces of metal are permanently joined together in order to form one piece.
There are two types of welding with or without melting. The process without melting can be divided into two categories, with

softening and without softening.

Paragraph B

The process with melting consists of heating metals (or just one metal) to their melting point. In most of these processes,
additional metal (also called filler metal) is added during the heating process in order to help bond the two pieces together.

No matter what is happening to the joined pieces, this filler will always be melted.

According to this, there are two kinds of welding with melting: one, in which all metals are melted on the welding spot (also
named weld bath or pool), and another, in which only the filler is melted (this process is called soldering). In soldering, fillers
made of tin or copper, are usually employed due to their relatively low melting points to those of the joined pieces. Soldering is
used in electronics.

The processes including melting of all metals can be performed with or without application of pressure; and with or without
fillers. The list below contains the most common types of processes, according to source of heat which is needed to melt the

metals.

Type of Heat Source

Names of Processes

Purpose

Electric arc (in air)

MIG, TIG, Flux cord

Creating long seams

Electric current Spot Welding Creating points of connection
Gas burning Gas Welding Creating long seams
Chemical reaction Thermite Welding Creating casts

Paragraph C

Eletric arc is a strong eletric current formed by a spark in the air when two electrodes are held close together but are not
touching. Due to the high electric resistance of air, a large quantity of heat is emitted. This heat is strong enough to melt the
metals in the welding area. However, molten metals tend to react to oxygen, so the weld bath must be shielded from it by a

non-flammable gas (such as argon or CO,).

MIG welding: the electrode is a thin wire which is fed from a spool that is attached to a gun through a flexible tube and comes
out of the nozzle on the welding gun or torch. The wire is fed continuously when the trigger on the welding gun is pulled.
Adding a non-flammable gas is needed in this process. This is the reason for using a variant of MIG welding called Stick
Welding (meant, Shielded Metal Arc Welding, also identified as a hand-operated metal arc welding, flux shielded arc welding,
or stick welding). In this type of welding process where the arc is struck between the metal rod or electrode (flux coated) and
the workpiece, the surface of both the rod and the workpiece melt, creating a weld bath. The simultaneous melting of the flux

coating on the rod will produce gas and slag, which shield the weld joint from the evironment.
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TIG welding stands for Tungsten Inert Gas Arc Welding (also identified as GTAW by the American society). Weld electrodes
get hot, but do not melt. They are non-consumable electrodes. The term "non-consumable" does not mean that it lasts forever,

but that it does not melt and become part of the weld. This welding type uses an outer source of shielding gas.

Flux Cored Arc Welding: This type of welding is similar to MIG welding. In fact, MIG welders can often perform flux-cored
arc welding. In this welding process, the wire has a core of flux that forms a gas shield around the weld. This reduces the

demand for external gas supply.

Spot welding: It is known that electric currect choses a path with minimal resistance, therefore, when two electrodes are
connected close to a welding point, due to low resistance of metal, a very strong current passes through the point of contact,

melting the metals which would connect the pieces at this spot only, as the method is named.

Gas welding is performed by melting the sides or surfaces that are to be connected by gas flame, thus providing the molten

metal the ability to flow together, creating a solid continuous joint upon cooling.

Oxygen-acetylene (or propane) mixtures are used at greater extent. The temperature of the oxy-acetylene flame in its hottest

area is about 3200°C, while the temperature reached in the oxy-propane flame is about 1900°C.

Thermite welding. This is a process in which a mix of iron oxide and aluminium in a box is ignited by a spark. Through the
chemical reaction, iron frees up aluminium oxidizes, temperature rises and iron melts. Melted iron flows out of the box into the

cast. This is a popular method for connecting rails.

Paragraph D

Welding without melting but including softening of connected areas employs friction as the source of heat. This type is used

for creating (almost) "seamless" tubes and rods and for connecting aluminium profiles.

Paragraph E

A stand out method of connecting large plates made of different metals is called Explosion Welding. This method does not use
heat, so the plates are not melted or softened. A stack of connected plates is formed, then covered with special explosives. They

are ignited on one corner and burn evenly, creating large pressure on the plates, forcing them together.
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