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__ Universal mills, 634, 784. 
Ovals, 608, 810. 
Overheated stee) Microstruclure of, 468. 
OVerheating, Da~a.ge to steel _b.Y, 527. . 
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-- basi.:: Bessemer, 66, 92, 230. 
-- ha.sic ~icmens, 18G, 193, 230. -. 
-- Charging of, in Siemens fumacc, 160. 
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Plnk on bottom casting of ingots, 36. 
Pins and boxes, 587. 
Pipes in ingots, 386, 524, 525, 551, 835, 

838, 
Pistan, Speed o!, 666, 670, 672, 673, 676. 
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Ponsard rebeatJng furnace, 541. 
Ponthiflre, on thermo-ehemistry of steel, 

107. 
Porter, C. T., on engiues, 670. 
Porter-Allen englne, 671, 830. 
Porter bar, 843, 844, 877. 
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-- Cylinders, adjustable to, 859, 861. 
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1

- Intensifier for, 864, 865, 867, 872, 
873, 874, 878. 

-- Introduction oí, 853, 854. 
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869. 960 
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- Dillingen, 874, sys. •• Puddled steel, 293. 
-Fielding ~ Pin\\ s, 874, S,o. Puddling, 526,527. • 
--Galloway s, 875. ,' 87., 873 874_ u Pull-ove.i.'" mili, 595, 596, 608, 7o9, 762, 
- - Greenwood & BatleJ R, .. , ' 763 
--Haniel ~ Lu .. eg'a, 869-872. Pushe~ car, 52, 53, 54. 
__ Haswell s, 815,881. p rometers, 439-448. 
- Homestead, 881,_ 882- _Y_ Baird & Tatlock, 442. 
__ Jntermittent-actmg, 864. __ Callender, 440. 
__ Mut.liple power, ,860,_ 874, 878· __ Féry radiation, 445. 
_ _ Tannett-Walker s, 807, 878. R berta-Austen's recording, 4.42. 
--1'weddcll's, 874. = T~ermo-couple, 440. 
-- Vicker's, 8~2. __ Uebling, 447. 
__ Wbilworth s, 854, 861. 
Press Piercing, 893. 
Pr~: Staving, 904, 905. . 
Ptessure, Hydraulic, uscd m steel worksi 

581, 855. h . ¡ 
8 Prevention ot blowholes by c emica mean ' 

386. 92 
__ by mechanioal moansi 891, 8 • 
Price's retort furnace, 541. 
Pricker bar, 167. . f 
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Process or manufacture, Selectiou o ' . 
_ _ Specificntion of, 49 l. 
Producer gas, Analysis of, _1~4. . 
__ Changas in compos1tton on passmg 

through regenorators, 146. 
_ Sulphur in, 174. 
--Tempera.tu.re varia.tions of, 136. 
Producer Ga.,, 112-129. 
_ _ Aulomatio feed for, 129, 130. 
_ Charging of, 129. 
_ _ Elflciency o!, 130-136. 
____ Calculation of, 133. 
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Quenching, 345. 
__ Effeot of Carbon on resulh of, 351. 
--in oil, 437. 
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Rabble, 167. 
Radclifte reheating furnace, 541. 
Radiation pyrometer, 445. 
Rails, 6161 619, 763, 764, 765, 766, 830, 

833. 
__ Cooling of, 616, 763, 765. 
__ Drop teeting, 32\l, 495, 496. 
__ Finishing of, 763, 765. 
__ Inspeoting of, 764. 
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RaUs, 'Mills for rolling, 742, 762, 763, 764, 
765, 827, 830, 833. 

-- Photo-micrography of, 490. 
- Re-rolling, 765. 
-- Rolling of, 575, 598, 616, 619, 763, 

765, 827, 830. 
-- Straightening of, 764. 
-- Tests for, 495,496, 763, 764. 
--Tramway, 619, 764. 
- Wcight of, 764. 
-- worn, Use of1 628. 
Ratlways, 831, 833. 
Ramming basic linings, 61. 
Ram's-horn test for red-shortness, 328. 
Ramsbottom, 526, 598, 666, 725, 730. 
Rankln & Ludington, Wiro drawing 

machines by, 912. 
Bateau exhaust steam turbine, 682. 
-- heat accumulator, 682-685. 
Razor steel, 257. 
Reaetions: acid Bessomer, curves and 

analyscs, 84, 85, 87, 88, 89, 90, 91. 
-- baaic Bessemer, curves ancl analyses, 

93, 94, 100. 
-- acid Sicmcns, 168-175. 
Reamur, on natura of steel, 341. 
Reca1escence, 356, 4-20. 
Recarburising in aoid Bessemer, 55. 
-- in acid Siemens, 176, 189. 
-- in basic Bessemer, 67, 102. 
-- J)arhy procesa, 189. 
- Usa cf anthraoite in acid Siemens 

Ior, 176. 
Recelver, Metal, 15-18. 
Receivtng ladle, 5t. 
Reeiprocal mili, 629. 
Reeovery of waste beat from rehoatJng 

furnaces, 656. 
Reeuperators in reheating fuma.oes, 641. 
Red-shortness, 2, 611. 
--Test for, 328. 
Redu~tl<,n o( area, 299. 
-- Calcula.tion of, 316. 
- in rolling, 608. 
-- in wire dra.wing, 914. 
Reeltng, 608, 896, 807, 898. 
Reels, 608, 799, 8ll, 812, 813. 
Reflectors for microscopio work, 456-458. 
Refractory materials, Analyses of, 232, 

233. 
Regenerators of Siemens furnacee, Size of, 

143, 146. 
Reheattng, 531-561. 
-- Risk in, 840. 
-- temperature, 553. 
Rehm.ann producer, 128. 
Relmer's method for keeping ingol tops 

hol, 839. 
Reinhart, on gaa engines, 712. 
Relnlscbe Stahlwerke, Mili a.t, 734. 
Repairing bottom of Siemens fumaoe, 167. 
Repeaters, 805, 810. 
Rellhospboñsation, basio Beasemer, 67, 

101, 
11&-pourtng metal, before casting, 52. 

Republican !ron and Steel Co.'s .Mili, 766. 
ReschHza, Press at, 881. 
Resistance pyrometer, 440. 
-- type of electrio funiaces, 266. 
Restoration of steel by heat treatment, 439. 
Reverberatory furnace, 574. 
Reversing gear, 774. 
Beversing mili, 595,598,627,644,734,774, 

776, 827, 828. 
--Advantages of, 639, 827, 828, 829. 
-- compared with three-high mili, 639, 

641, 764, 827. 
-- Driving of, 730. 
-- Electrically driven, 734. 
Reversing motors, 722. 
Reversing valves, 149-155. 
Reynolds, on fluid compression, 883. 
Richards, A. Windsor, ou basio process, 59. 
-- restoring stcel by heat treatment, 

439. 
Ricbards, E. J. Windsor, on removal of 

Silicon in mi.xer, 19. 
Ridsd:i.le1 on basio Bessemer reaotions, 

101. 
-- ctching mioroseotions, 465. 
-- influence of work on size of grains, 

434. 
-- removal oi Sulphur, basic Bessemer, 

95. 96. 
-- results on heating low Carbon ateel, 

432. 
Riley, E., on basio procesa, 59. 
Riley, J., on nickel steel, 404. 
-- cha.rging molt.en metal in Siemens 

furnace, 197. 
Rinman, on Carbon and iron, 342. 
"Rippers" for wire, 912. 
Robert converter, 73. 
Robert steel, Ana.iysis of, 74. 
Roberts, J. & S., Ltd., Housiugs, etc., by, 

583, 589, 777. 
Roberts-Austen, Sir Wm., on allotropy, 

Definitiou of, 358. 
-- diamond and iron, 341. 
-- etohing microseotions, 454. 
-- polishing microsections, 450. 
-- pyromet.er, 442. 
Robinson & Rodger, compression of st-eel 

ingots, 387,887,888. 
RochlingwRodenhauser electric fumace, 264-

266. 
Rod for drawing inlo wire, 797, 810, Sll. 
Rod mllls, 608,797,801,802,805. 
-- various systems compared, 811. 
Roll turner, 610,616,621, 779. 
Roller, The dutiea of, 616, 636, 637, 638, 

639, 778, 783, 797, 798, 832. 
--Live, 639, 641, 643, 6.51, 746, 758, 

778, 779, 784. 
- Loose, 593, 638, 639, 758. 
Roller beds, 639. 
Roller-table, 639. 
"Ro.ller's slde," 593, 596, 638, 639, 642. 
Rolllng anglee, 612, 615, 618, 756, 758. 
--Armoo iron, 196. 
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Rolllng bars, 578, 594, 600, 608, 638, 818. 1 Rolls, Cost of, 573, 575. 
-- beams, 610, 612, 613, 627, 635, 756, - ~ Dcsigning of, 610. 

822,829. -- Examples of, 617,018, 809. 
-- billets, 753, 754, 821. -- Expansioo of, 617, 778, 811. 
--channels, 607, 016, 756. 

1 
Finishing, 604, 607, 611, 612, 617, 

--Cold, 762. ! 777, 826. 
- Examples of, 612, 613. -- Fixed, 578. 
- Five chief examples of, 595. -- Forged, 57;¡, 777. 
-- flats, 610, 612, 623, 625, 631, 634, --Grooved, 573, 578, 584, ,i02, 598, 600, 

753. 601, 603, 606, 609, 809, 855. 
--girdcrs, 610, 612, 613, 627, 635, 756, - - Jron box, 573, 574. 

822, 829. - - lower, Functions of, 610, 615. 
--gun barreis, 902. --Matcrials for, 573, 574. 575, 777. 
--History of, 526, 528, 600. --}Iovable, 578, 582, 827. 
-- iron, 614, 627. - - Necks of, 575, 778. 
-- joists, 610, 612, 613, 627, 635, 822, -- Planishing, 79!. 

829. -- Plate, 575, 778, 779. 
-- long Jeogtbs, 528, 529, 608, 638, 640, - - "Pilger," 909. 

643, 674, 753, 797, 799, 810, 821, - · Rc-turning of, 575,787,803. 
822. --Roughing, 604, 606, 608, 6!1, 61!, 

- mat-0rial unequally heated, 548, 560, 623, 826. 
614, 801. - Sheet, 610, 787, 789, 790. 

- milk See ]fills, Types o/. --Shock on, 582, 607, 826. 
- Object of, 524, 526, 573, 601, 602. -- Sidc brasses for, 583, 787. 
- "off," 895, 898, 902. - - Size of, 600, 604, 606, 607, 627, 632, 
- "on," 895, 898. 742, 744, 745, 746, 752, 754, 756, 
- overa mandril, 61!), 893. 7ií8, 760, 762, 764, 777, 784, 786, 
- plates, 598, 609, 610, 617, 651, 653, 787, 789, 7!12, 796, 799, 828. 

778, 779. - "Slabbing," 612. 
- rails, 610, 619, 763, 765, 827, 830. 1 

- - Speed of, 598, 606, 607, 608, 615, 627, 
- rounds, 602, 603, 612, 614. 1 631, 746, 760, 76!, 775, 787, 792, 
- sections, 596, 613, 615, 616, 617, 619, 

1

, 799, 801., 803,826. 
623, 624, 674, 82i. -- Springiog of, 560, 779, 801. 

-sheets, 596, 610, 017, 778, 787, 789, -- Steel, 575, 777. 
790, 791, 792. --Stiffoner for, 605, 606. 

--Spoed of, 607, 608, 626, 627, 638, - - " Stranding," 760. 
640, 799, 8ll. -- Strength of, 575, 601, 604, 606, 607, 

-- squares, 612, 614, 616, 753. 624, 630. 
-- Tomperaturc for, 527, 529, 553, 560, - - Three-high, 583, 58-1, 585, 622, 623, 

616, 765, 792. 624, 625. 
-- tires, no. --Tinning, 929. 
-- tram rails, 619, 830. -- Train of, 826. 
-- tubes, 893, 895, 900, 902, 90!, 906, -- Tnrning of, ,ii,i, 619, 620, 621, 779, 

908, 909. . 787, 811. 
Rolls, Action of, 573, 600, 601. 854. 855. -- uppcr, :Functions of, 610, 615. 
-- Adjustment of, 577, 581, 583, 586, ----Size of, 610, 622. 

587, 591, 763, 775, 803, 808, 818. - u~e of, 600. 
- Balance for, 577, 581, 582, i78. 1, - Wear of, 607, ~8, .613, 80~, 827 .. 
-- Bending of. 576, 779. Rosenhaln, on poltshmg m1crosecttons, 
-- Bodies of, 573, 576, 624. 451. 
-- "Bolting," 760. Rotating mechanism for converkr, 7. 
-- "Brraking down," 608, 760, 808, Rottmann, variable expnnsion gear, 688. 

810. " Round," 533. 
--Brcaking of. 575, 604, 607, 608, 613, Royston, on diffusion of Carbon, 2-16. 

625, 629, 789, 790, 821. 826, 828. " Rumbling," 924. 
--Casting of, 573, 574. " Running stopper," 56. 
- Ch~oging of, 580, 599, 612, 754, 755, 1 Ruthenburg electrlc furnace, 275. 

7i>O, 762. 
- Chilled, 573, 574, 575, 619, 621, 777, 

783, 789. S 
-- C-0gging, 575, 610, 6ll, 612, 622, 786, 

827. 
-- Collars on, 592, 593, 609, 610, 622, 

624, 625. 
-- Cooling of, 778, 783. 

Saklin, cost of rolling billets, 821. 
Sal ammoniac, 920, 930. 
Salt solution, Freezing, 355, 356. 
Sample spoon, 167. 
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Sampling from basic Bessemer converter, Shaft, Crank, 847, 848. 
66. - - Hollow, 882. 

-- for micro-examinatioo, 449, 466. 
-- producer gas, 137. 
Sand, Loam, Analysis of, 235. 
Sand shovel, Hl7. 

--Tests from broken, 841. 
Shakell, W., on the propcrties of caat niokel 

404. ' 
--Titanium experiments by, 412. 

Sanlter, on ctchiog microsections, 456. 
-- proccss of desulphurisation, 96, 

193. 

-.- oo Tungsten steel, 414. 
l 9:1, .. Shaking barrel," 924. 

. Shapes. Scc Sections. 
Sankey, altcrnnte bcoding machioc, 32,3. 
----Calibration of, 327. 
Sauveur, on ohanges in structure by heat 

trentment, 430, 431. 
-- critica! points and microstructure, 

362. 
-· etcbing microsections, 454. 
--- influcnce of work on size 01 grain, 

434. 

Shear steel, 1, 241, 247. 
Shearing test, 318. 
Shears, Billct, 752, 753. 815. 
- Bloom, 747, 748, 749, 750, 751, 815. 
- - Flying, 814, 815, 816. 
- - Hydraulic, 'i50. 
-- Plat-0, 780, 781. 
- - Sheet, 7fl2. 
- Strip, 814. 

steels, Sheet mili, Output of, 792. -- microstructure of qucnched 
466 

----unhardened steels, 465. 
-- pc,lishiog microsectioos, 454. 
Saw file, Steel for, 257. 
Sawlng, Cold. 756, 757,769,847, 848. 
- Hot, 756, 757, 763. 
- - Speed of, 756, 757. 
Scale, 597, 617, 631, 762, 795, 801, 804, 

846,847. 
"Scavenging," 706. 
Sebloesing, on preparatioo of polishiog 

powdcrs, 4.52, 453. 
Sehoffel, fume from cooverter, Analysis of, 

81. 
Schuckerl Electric Co., Crane by, 822. 
Schuster, Dr. F., on comparison of various 

stecl processes, 215a. • 
Scott, G. Sbaw, on ca~-hardenina, 249. 
Scrap, 84!i, 817. º 
-- proportioo to pig-iroo in Sicmens 

fumace, 160. 
-- Use of, in br,sic Siemens, 186, 187. 
---- electric furnaces, 261, 268, 270, 

272, 276, 277, 280. 
-· --Siemens furnace, 169, 186. 
Seraper, 70,i. 
Scrapping the Bessemer charge, 54. 
Screwing gears, 587, 597, 777. 
Seaton and Jude, impact test, 322. 
Sebenlus revolving moulds, 892. 
Sections, Crucüorm, 607. 
- Rolling of, 596, 613, 615, 616, 617, 

619, 623, 624, 674, 756, 827. 
-- Selection of, 755, 834. 
- Straightening of, 616, 756. 
Seebohm, on cement bars, 245. 
- temper of stcel, 256. 
Segregatlon, 378-381. 

Se
" Selt-hardening" steel, 414, 416, 425b. 

llers, on presses, 881. 
Sellge, F., on ecooomy of gas eogines, 

715. 

Sera
Separatlng machines for sheets, 791. 

S 
lng Work.s, Forging press at, 860. 

etts, Steel for, 257. 
Shaft, Cold-rollod, 762. 

Sheets, Annealod, 794, 927. 
- Blnck, 794. 
-- Bright cold-rolled, 794, 796, 927. 
- Cold-rolled. 794, 927. 
-- Corrugated, 919. 
- - Dcfinition of, 787. 
- - "Doublcs," 790, 794. 
- - Galvanised, 919, 923. 
--Gauge of, 792. 793. 
- - " Lattens," 704. 
- )Iill for, 596, 787, 790. 
-- Rolling of, 596, 610, 617, 778, 787, 

789, 790, 791, 79:!. 
-- Separatiog, 791. 
-- "Singles," 790, 794. 
- - Tinned, 926, 927, 932. 
- "Trebles," 794. 

1 Sheffield crucible, 253. 
Sheflield University, Gas-fired cruoible fur­

naco at, 260. 
Sherrardlsing, 925. 
Shingling iron, 527. 
Shrinkage in sbiel castings, 236. 
Side pressure of roll~, 603. 
Siemens, F., on gas-fired cruoible f••maces, 

1 260. 
Siemens, Sir W., oo blisters oo cemeot 

bars, 246. 
- - on cfficicncy of orucible furnace, 555. 
-- elcctric crucible furnace, 277. 
Siemens and Bessemer processes compared, 

212-216. 
· Siemens furnace, admitting gas into, Pre­

cautions nocessary, 158. 
- Charging, 159. 
-- Chimnoy for, 155. 
- - Dryiog of. t.37. 
-- )laterials for drying, 232. 
--New form, 258, 260. 
--Now form reheating, 541, 552. 
- Old type, 141. 
- - Ports, 142-144. 
- - Rcgenerators, 141, 145. 
-- Rcheating, 538. 
- - Repairiog bottom of, 167. 
- - Valves for, 149-155. 
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Slemens furnace, Vertical underground re-
heating, 552. 

Siemens g&S produeer, Modem fono, 117. 
-- Old lorm, 115. 
Siemens process, 140a, 158. 
-- acid, Composfüon of charge, 169. 
---- Precfl.utions in working charge, 

164. 
---- Removal of impurities in, 170. 
-- basio, 180. 
- direct, 295. 
-- Evolution of he&t in, 110. 
-- Labour and other costa in, 21'. 
-- Pig-iron for, 230. 
--Removal of Sulphur in, 110. 
-- slag, Composition of, 171. 
-- Yield in, 214. 
Siemens producer gas, Analysis of, 134. 
Sieruens pyrometer, 441. 
Silica bricks, Analysis of, 232. 
Silico-spiegel additions, 65. 
-- for tire steel, 177. 
Silicon, Effect of, on magnetic properties, 

369. 
- Elimination of, in Bessemer blow, 81, 

82, 84, 85, 86. 
-- Influence of, on medium and high 

Carbon steels, 369. 
---- mild steel, 365a. 
-- in steel castings, 23.J., 235. 
Sincon and Aluminlum steels compa-red, 

39J. 
SiUcon and Manganese in Bessemer (basic) 

converter, 94. 
-- in Bessemer converter, 83, 86, 88, 90. 
Silver-co}iper alloys, Freezing poini our~e 

ol, 356. 
-- Photo-micrographs of, 358. 
Single shear heat, 245. 
"Singles," 790, 794. 
Siphon valve, Wailes, 154. 
Size of grain, Micro-examin&tion for, (60. 
Skelp, 000. 
Skids, 650, 653. 
Sklnningrove !ron Co., Mili, 734, 736. 
Slabl,611, 742, 747, 748, 785. 
Slab ing mili, 747, 778, 784, 785. 
-- rolla, 612. 
Slaek-lired reheating lurnace, 533. 
Slag chambers, 147. 
-- olean, Importance of, in acid praotice, 

176. 
-- Heat of formation of, 109. 
-- Removal of, from O}len-hearth fur-

naces, 200a. 
Slag, Aeld, Composition of, 169, 171, 173, 

174. 
-- Effeot of ore additions on, 172. 
--Variations in, 172. 
Slag, Basic, Compos.ition of, 188. 
-- Fluidity of, 188. 
-- !ron in, 103. 
-- Removal of, from melt.ing shop, 6r5. 
- Sulphur in, 97. 
- Vnlue of, 65. 93, 193. 

Slag, Bessemer, Aotion of, in converter, Si. 
-- from reheating fumaoe, 631. 
Sleeve, Firoolay, for stopper rod, 26. 
Small converters, 68-70. 
Smith, J. Bucknall, on the strength of wire, 

916. 
Smith, Kent, on Ve.nadium steels, 424. 
Snelus, Analyses of gas from converter, 81, 

IOG. 
---- metal from converter, 88. 
-- on basio linings, 59. 
-- Bessemer reactions, 79, 88, 89. 
-- segregation, 379. 
Soaklng pit, 529, 548, 833. 
- Fired, 529, 550. 
-- Objeotions to, ó49, 550, 551. 
-- Output ol, 552. 
Soeiété Metallurgique do l'Oural Volga, 

Cogging mill for, 746. 
Solubllity ol Phosphorle aeid in slog, 193. 
Solutlon theory, 353-358. 
Sorbite, 464. 
Sorby on microsoopical examination of atael, 

449. 
-- on Pearlite, 344. 
-- on polishing microsection.s, 449. 
Sorby-Beek relleetor, 456. 
Sound ingots, Production of, 387-390. 
Sound steel, Production of, 390-392. 
"Spawling," 574. 
Speelal steels, 393-426. 
Speclfic heats ol gases, 132. 
-- of products of combustion, 106. 
Speeillcation of procesa of manufacture, 

491. 
Speellieations, 491-515. 
-- Americ&n details of &xle,, tires, 

castings, rails, etc., 491-494. 
-- British, details for rails, &xlee, titea, 

etc., 495-505. 
-- Comparativa summary for Greati 

Britain, United States, and Ger­
many, 506-515. 

Speedleul steel, 417. 
Spelter, 920, 921. 
Sperry, on nickel steel, 406. 
Spherical mould, Etlect of, 524. 
Spiegel, Additions of, to Bessemer charge, 

55. 
---- basic Bessemer, 67, 101, 102. 
--Analysis of, 65. 
"Spills," 604. 
Sp!ndles lor rolling milis, 590. 
-- Stoel lor, 257. 
"Spread," 601, 60.2, 604:, 609, 613, 614 

615, 622. 
Sprlng steel, 245,247. 
--Manufacture of, 175. 
Springs, Deflection of, under varying loada. 

340. 
- Testing ol, 336-340. 
Squeeze, compared with blow, 8M. 
Stafford, tilting furnace u blook," 1'8. 
Stahl, on nature of steel, 341. 
"Stalling," 666. 
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Siamping under the hammer, 835, 84,3. 846. 
Standard w!re gauge, 917,918. 
standards. Sce Housings. 
Stands, Arrangcment of, 826. 
Stanslleld, on burnt steel, 467. 
-- potentiometer for Ulmper&ture mea.s­

urement, 445. 
- solution theory, 358. 

st:mton & Bairstow,impact testing machines, 
323. 

Starting gas engines, 712. 
-- valves, 689. 
stassano electrio furnace, 277, 278. 
Stavlng tubes, 904. 
Stead, on alloys of eopper and iron, 376. 
-- nnnlyses (lf firehricks, 653. 
-- Armco iron, 196. 
-- .Arsenfo in steel, 375. 
-- basie Bessemer reactioru, 93, 101. 
-- detootion of Phosphorus by the mioro-

ecope, 468. 
-- etching miorosections, (55. 
-- gas sampler, 137. 
-- beat tinting, 455. 
-- illumination of mierosections, 457. 
-- low Carbon stee1, Results of hcating. 

432. 
-- ooolusion of gases, 382. 
- Phosphorus in steel, 373. 
- -- Removal of, in ha.sic Bessemer, 

99. 
-- polisbing apparatus, 452. 
---- microsections, 451. 
-- rephosphori.sn.tion, baaie Bessemer, 

!01,102. 
- rest9ring steel by heat treatment, 

439. 
-- Saillter process, 192. 
-- Sulphur, Removal of, basio Bessemer, 

95, 96, 97, 98. 
Stead & Evans, influenoe of copper on steel, 

370,376. 
Stead. & Ricbards, on the restoration of, 

dangeroualy crystalline steel, 439. 
Stead & Wigham, copper in steel wire, 

376. · 
81eam, Aotion of, in grui producer, ll3. 
-- Consumption of, 673, 827. 
-- Eoonomy of, 663, 664, 678, 687, 830, 
- - Effect of diflerent quantities, on 

producer gaa, 135. 
- Expansion of, 669, 678, 682, 687. 
- Method of raising, 534, 655-665. 
- Pressure of, 664, 666, 672, 674, 678, 

679, 682, 684, 685, 830. 
-- Superheating, 663. 
- Use of, in Mond producer, 121. 
-- Use of, in producers, 134., 135. 
Sfeam engines, 666-690. 
- Efficiency of, 695. 
Steam ham.mer. See Bammer. 
Sloam lurblnes, 680, 682, 685, 686. 
Steel, alloys, 393-426. 
- Aluminiurn, 393-396, 
- Analysis of, 231. 

Steel, Axle, 175. 
-- iloron, 396. 
-- Burning of, '67, 527, 
-- Cast, 251-!:!60. 
-- for casting:s, 233. 
- Chisel, 257. 
-- Chrome, :J!lG-398. 
-- Clapp-Griíl\ths, Analysis of, 72. 
-- Compressibility of, 350. 
-- Constituents of, 461-464. 
-- Constitution of, 352. 
-- Contraction of fluid, 623,525,887. 
-- Crescent, 414. 
-- Critica} ranges in, 353. 
-- Crucible, 251-260. 
-- Curve showing separation of iron and 

Carbide during cooling of, 357. 
-- Definition of, 2. 
-- Diffusion of Carbon in, 246. 
-- Direot prooesses of manufacturing, 

291-295. 
-- Eloctric smelting of, 261-283, 
-- lorgings, 837. 
- Gaae, in, 382-386. 
- Hardcning ol, 345, 429. 
-- Heat treatment of, 428-448. 
-- Imperial, 414. 
-- Influence. of Ant.imony on, 377. 
---- Arsenic on, 375. 
---- Bismuth on, 377. 
---- Carbon on physical properties 

o!, 345. 
- -- Cobalt on, 398. 
- -- Copper on, 375, 376. 
---- M&nganeso on, 374. 
---- Phosphorus on, 372, 373. 
---- Silioon on, 3600-369. 
- - Sulphur on, 370, 371. 
---- 'fin on, 377, 378. 
---- Zinc on, 3i8. 
-- Interna! stresse.s in, 525, 526, 840. 
- Magnet, 420. 
-- Yangnnese, 399-403. 
-- Microscopical examination of, 4:49 

469. 
-- Miorostruoture of unhardened, 465. 
-- Molybdenum, 403, 850. 
--Mruihet, 414. 
- Nickel, 403-411. 
-- Occlusion of gases by, 382-386. 
-- Photo-mierographs of, 358, 472-490. 
-- Piastic oondition of, 525, 883. 
-- Pot melting of, 251. 
-- processes, Advantages and disad-

vanta~es of various, 213-216, 280-
283. 

-- Produotion of, in small quantitics, 
751, 752. 

-- Protection of, from corrosion, 9Hl• 
933. 

-- Puddlod, 293. 
-- Robert, Analyses of, 74. 
-- Rusting of, 919. 
-- SeU-hardening, 414,416. 
--Shear, l, 247. 
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Steel, Solidification of, 62,, 6.25, 51!6, 837, 
838,884. 

--Special, 393-426, 
--Speedicut, 417, 
--Spring, 175, 
--Swcdish, 71. 
--Tantalum, 41J. 
--Tavlor-Wliite. 416, 4256. 
--Tilting of, 835. 
--Tire, 175. 
-Titanium, 412. 
-- Tool, 257, 835, 837, 847, 849, 850, 
-Tungsten, 413, 850. 
--Vranium, 420. 
-- \Tanadium, 420-425b. 
- - Wclding of, 527, 899, 901, 902, 906. 
--Wootz, 2!12. 
Steel castings, 233-240. 
--Additions of Aluminium, Silicon, 

Manganese to, 234. 
--Annlyscs of, 234, 235. 
--Annealing of, 237-240. 
--Composition of charp,e for, 234 
-- Interna! stresses in, 236. 
- !lfoulds for, 235, 236. 
Steel plates, Tests for, 500, 501. 
-- Typical acid Siemens charge for, 169. 
Steel rails. Seo Rai/s. 
Stevenson, A. A., tests of tires, 772. 
Sticker press, 57. 
Stiffener, 605, 606. 
Stirling boiler, 658. 661, 662. 
Stock converter, 78. 
Stock yards, 822. 

Sulphur, Condition of; in steel, 371. 
--Influence of, in producer gru;. 174. 
----on stcel, 370, 371. 
---- 011 steel castings, 234. 
-- Removal of, in acid Siemens, 168. 
---- in basic process, 95-99. 

1

---- in Bcll's and Krupp's washing 
proccss, 19 l. 

---- in Bessemer prooess, 82, ll0. 
---- in elcctric furnaces, 279, 280. 
---- in Heaton procesa, 191. 

1

---- in Henderson procesa, 191. 
----from pig-iron, 192. 
-- - in Siemcns process, 110, 
S.W.G., 917. 
Superheating steam, 063. 
Superheating tops of ingots, 838. 
Swage, 601, 002, 603, 604, 846. 
Swaging machine, 895, 9ll. 
Swedish bars for cementatlon, 243. 
Swedish Bessemer process, 68. 
-- annlyses of gases, 85. 
-- details of conYerter, 09, 
--Renctions of, 84, 85. 
-- Sulphur in, 85. 
Swedish Lancashire hearth bars, Analysia 

of, 244. 
Swedish pig-iron, Analysis of, 09, 263, 
-- for tires and axles, 177, 179. 
Swedish steel, Analysis of, 71. 
Swindell reheating furnace, 541. 

T 
Stokers, Mechanical, 657. 
Stopper end to stopper rod, 26. Tables, Lifting, 638, 641, 747. 
Stopper rod on casting ladk, 25, 27. --Tra.elling, 64). 651, 778. 
Stopper, Running, 56. " Tailorlng," 604. 
-- for tapltole, ](l7. Talbot, on the influence of Aluminium on 
Straigbtening, 750, 76~. 764, 780, 791, 796, segregation, :l80, 381. 

819. Talbot wntinuous Jl~Jcess, 200/J-203. 
Slranc!ing rolls, 750. -- Chemical changes in, 225, 226, 227. 
Strength of rolled steel, Variation in, 318. --Dr. SchuRter's conclusions on, 215a. 
-- of steel casting~, 235. --Wecklv record of, 227. 
Stress diagrama, 300-302. -- Summary of working of, 229. 
-- lnbJmal, in steel, 236. Talbot continuous reheating furnace, 547. 
--Maximum or tensile, 298. j Talbot method for producing sound stee~ 
-- theories of hardening, 362-365. 390-392. 
"Stringing up" for drawing wire, 913. Talbot producer, 12-1-120. 
Strip, 582, 596, 625, 628, 634, 795, 796, -- gas, Analysis of, 134. 

899, 900, 901. Talbot regenerative soaking pit, 550. 
Strippers, Ingot, 41-47. Talbot washing process, 190. 
Stripping Bessemer pit, 48. Tamm, Analyses of gases from Swedish 
-- cranes, 166. Bessemer, 85. 
-- ingots, 40. Tandem gas engine, 701, 702. 
Stubbs' wire gauge, 794, 918. Tangye Tool and Electric Co., Ltd., Lathe 
Stückofen, or hi~h bloomery, Production of by, 850. 

steel in, 294. Tannett-Walker forging presses, 857-860, 
Sub-Carbide or iron, 344. 878. 
Sub-Carblde theory, 360. Tantalum steel, 411. 
Sulphate of Ammonia from Mond producer, Taper of grooves, 607. 

121. Tapping acld Slemens rumaoe, 164. 
Sulphide of iron and Manganese, Effeot on Tapping hole, 158. 

miorostructure, 468. -- hook, 167. 
SUlphur in basio slag, 97. . Tar for basio material, 159. 
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Tarlffs, 832, 833. 
Taytor-White, on selí-linrdening steel 416 

849. ' ' 
-- steel, 425b, 849. 
Teeming·Bcsscmer charge, 56. 
-- crucible steel, 255. 

stccl ingots, 30. 
Tees, 607. 
Telegraph tong~, 567. 
--wirc, 799. 
Temper Carbon, 343, 344. 
Temper of cruciblc stecl, 254, 256, 257. 
Temperature of gases leaving Siemens fur-

nace, 157. 
- · Influence of, in annealing, 430. 
- - --on removnl of Phosphorus in 

basic Siemen~, 101. 
-- Reheating, 553. 
- ia Sicmcns furnace1 174. 
- - \' ariations of, in producor gas, 136. 
--Working, 527,614. 
Temperlng colours, 345. 
Tempering of steel, 345, 429, 
Tenacity, Influence of Carbon on, 346-348. 
Tensile strength, 298. 
-- Increase of, duo to rolling, 779. 
-- lnfluence of Carbon on, 346-348. 
-- Influcnce of Phosphorus on, 3i3. 
Tensile stress, 298. 
- - Calculntion of, 316. 
- Relation of Cnrbon to, 516, 
Terne plates, 932. 
Terni, Water pressure at, 718. 
Test, Cold-bending, 329. 
--Details of Sankey, 326, 327. 
- Drop, 329-336. 
-- lfolding and hot-wol'king, 328. 
Test bars, bcfore aud after testing, 314, 315. 
Test pieces, 311, 492. 
-- tlaugiug of, 313. 
- Shape of, 310-313. 
Testing, 207-340, 495-505. 
-rails, 704. 
- rails and axles by drop test, 329. 
- springs, 336-340. 
-- tires, 332. 
Testing machines, 302-309. 
- - Adamson, 307-309. 
- - Arnold alternate hender, 324, 326. 
- Brinell hall, 320. 
- Calibration of, 309, 310. 
--Drop, for axles, 330. 
---- for tires, 334, 335. 
-- lmpact, 322, 323. 
- Sankey alterna~ bending, 325, 
-- Spring scragging, 337. 
- Types of, 302. 
-- Weighting, for springe, 338. 
- Wicksteed, 303-307. 
Tests, Compression, 317. 
- Hardness, 320. 
- T1npact, 322. 
- -- Shearing, 318. 
-Torsional, 318. 
- - Transversc, 311', 

Theory of case-hardening, 249, 
- of gas produc<'rs, 1 J 2. 
-- of heat, engines, 693, 694. 
Thermo-chemlstry of acid nnd basic Besso-

mer processes, 103-111. 
Thermo-couple pyrometer, 440. • 
Thiekening tubes, 904. 
Thomas, R.B., on tin plates, 930. 
Thomas-Gilcbrist, Early cxperiments by, 

58. 
Three-high mili, 526, 579, 596, 597, 622, 

625, 700, 783, 78,3. 
--Advantages of, 6:?4, 764, 797, 827 

828. • 
--American, 025, 626, 764. 
- Carrying rplls in, 582, 583, 584, 566. 
--Cogging, fl:12. 
--compared with reversing mil!, 63[), 

641, 76.j, 700, 827. 
--compared with two-high, 597, 763, 

790. 
-- Crcwe 638. 
-- Engli5h, 6:?.i, 
--Guide, 761. 
--Housings for, 582, 583, 584, 586. 
-- Introduction of, 520, 596. 
- O1.!tput of, 639, 766, 830. 
-· Reversing, 828. 
--Reversing engines fittcd to, 828. 
--Rolla for, 583, 584, 585, 622, 623, 

624, 625, 827. 
-- suitable for, 760, 797. 
- Tables for, 638, 639, 643, 829. 
--Tilters for, 647. 
--Universal, 784, 785. 
-- Wcar in, 827. 
Tbrelfall,Prof.,onlife of gas engine cylinclerF, 

715. . 
Thury, Automatic electrodo regulator, 272. 
Thwaite, B. H., on blast-furnace gas engino, 

698. 
Tilters for i11gots, 644, 746, 
Tilting bammer, 836. 
Tilting open hearth furnace, 147-14!!. 
Tiltlng tool steel, 835. 
Tin, Jnflucnce of, on steel, 377, 376. 
Tin piafe, 926-932. 
- Annealing of, 927. 
--Bars for, 617,787,818, 
-- Boxea for, 927. 
--scrap, 932. 
- Thickness of, 032. 
-- Thickness of tin on, 929, 930. 
Tinning, Flux for, 930. 
- Pot for, 929, 930, 931. 
-- proccss, 928-932. 
Tipping ladles, 21, 22, 23. 
Tire ingots, 178, 179, 769. 
--Methocl of casting, 769. 
Tire steel, Manufacture of, 175-180, 
----Typioal chargcs for, 177, 179. 
Tire testing, 332-336, 497, 498. 
--machine, 334, 335. 
Tires, Making of, 768-7í3. 
-- Strains in, 772, 773. 
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Titanium alloy, 413. 
-- in steel, 412. 
Tongs, 567,568,596, 636. 
Tool steel, 257, 835, 847, 849. 
-- 'Jilting of, 835. 
Tools employed at Siemens furnace, 163. 
-- High-apeed cutLing, 414, 416, 425b, 

849. 
-- for steam hammers, 837, 846. 
-- Steel for, 257. 
" Topping " of ingota, 835. 
-- and grading crucible steel, 256. 
Torpedo boats, Galvanising, 925. 
Torsional test, 318. 
Traction reel, 812. 
Transverse test, 318. 
Travelling tables, 641, 651. 
"Trebles," 794. 
Treatment of oast-stcel ingots, 2óó, 256. 
Treatment of feed water, 658. 
Tresca, on revolving moulda, 892. 
Tressider's process for hardening annour 

plate, 288. 
Troost. on thermo-chemiatry of steel, 107. 
Troostlu,, 464. 
Tropenas process, 76. 
-- Convertcr fo,, 77. 
Tubos, Bedatead, 903. 
-- Bicycle, 898, 899, 903. 
- Boiler, 898, 899, 900, 904. 
- Butt•welded, 901, 902. 
- Close-jointed, 903. 

- Cold.drawn, 895, 900. 
-- Drawing nf, 895, 900, 009. 
-· Erbardt'a proce.ss, 910. 
-- Finishing, 900, 901, 004. 
-- Fittings for, 905. 
-- lormed from sheet., 898. 
- Galvauiaing, 924, 925. 
-- Gas, 902, 904. 
- Lap-w•l<ied, 899, 900. 
- Length ol, 904. 
- Lock•jointed, 905. 
--Making ol, 893. 
-- Mannesmann procesa for making, 908, 
-- Material usod for, 898. 
-- Nickel steel for, 899. 
- Perrin's procesa far making, 906. 
- Piercing blanks for, 893, 909, 910. 
- Rceling ol, 896, 898, 900. 
-- Robertson's process, 910. 
-- Rolling of, 893, 894, 895, 900, 902, 

903, 904, 906, 908, 909. 
-- Special processes for making, 906. 
-- Spirally welded, 902. 
-- Staving, 904. 
-Stay, 901. 
-- Steam, 902, 904. 
-- Stiefel's process for m:tking, 909. 
-- Straightcning of, 900, 902, 904. 
-- Tests of, 899, 904. 
-- Thickening, 904. 
- - Water, 902, 904. 
-- Welded, 899, 900, 901, 902. 
-- Weldless, 893, 895, 898, 899. 

Tucker, on infiuence of Arsenic, 375. 
Tucker and Harbord, on reheating fumace 

bottoms, 553. 
Tumbler for ingots, 5?0, 571. 
Tongsten steels, 413•420, 425b, 849. 
- Analysis of, 414, 415, 425b, 850. 
-- Crucible charge for, 414. 
--Treatment of, 416, 426, 840, 8;,0, 
Tunner, on basic linings, 58. 
Tup of steam hammer, 743, 830, 845. 
"Tupping," 845. 
Turbines, Exha.uat steam, 682. 
---- E<Jonomy of, 686. 
-- Mixed pressure, 685. 
Turnbull, N. K., on rod milis, 811. 
Turner, Prof. T., Disposal of spent acid, 

926. 
-- on in.fluence of Silicon, 365b. 
-- on sound ingota, 257. 
Turner, Thomas, method of casting ingota, 

36, 37. 
Tornlng blooins on edge, 767. 
Turnover transrer, 650. 
Tweddt,ll, Forging press by, 874. 
Twinning ca.usad by quench.ing, 363. 
Twistlng guides, 816. 
Two-cycle engines, 708. 
Twyer for converter bottom, 10. 
Twynam, T., direct process, 203, 291. 
-- on Nitrogen in steel, 382. 

u 
Uehllng pyromeu,r, 447. 
U!tm,ate stress, 298. 
Union Works, Removal of slag from open• 

!:~!lrth furnaces, 200a. 
United States Navy, Armour platea of, 289. 
Universal mili, 631, 632, 633, 784, 785, 

786. 
Unwln, on calibra.ting testing machines, 

309, 310. 
-- on ela':ltic limit, 298. 
-- extensometer, 315. 
Uranium steel, 420. 
" Use," 742, 745. 

V 

Vacuum easting, 891. 
Valves for Siemens furnaces, 149-155. 
--Butterfly, 150. 
-- Reverslng, Dimensiona of, 151. 
- - Hall, 133. 
---- Kirkham, 150, 152. 
----Milis' water-oooled. 155, 156. 
---- Wailes' siphon, 154. 
----Water seal, 155. 
Vanadium stool, 420, 425b. 
-- Effect of, on ocoluded gases, 422. 
Vandergrlft Works, Continuous bar mili a.t, 

818,819. 

, 

1 

INDEX. xxix 

Varlatton in str~ngth of specimens from 
same plat.e. etc., 318. 

-.- in temperature of producer gas, 136. 
Vtbration caused by hammer, 843, 854, 

879. 
-- of lathe, 850. 
Vfekers, arn1our pla.te, 284, 286. 
-~ crucible steel patent, 254. 
-- on theory of 8.uid compression, 884, 

890. 
Vlekers' Works, Forging presa at, 769. 
Vls-a--vis engines, 701, 702. 
Volklingen, Eloctric furnace at, 2116. 
Volga Co., Cogging mili at, 746. 

w 
Wages, 831. 
Waggon tires, Effeot of annealing, 336. 
Wahlberg, on experimenta on heat treat-

ment1 437. 
-- resulta of hardness testa, 351. 
Wailes' siphon valve. 154. 
-- wat-er-seal reversing valve, 155. 
Walloon Swedish bars, Analysis of, 263. 
-- Use of, in cementation process, 243. 
Wa!rand-Legenisel process, 74. 
-- C<mverter for, 75. 
Walter, on determ.ination of Mangaoese 

522. ' 
Walton, on removal of Silicon and Ca.rbon 

during melting, 170. 
-- on remova.l of Sulphlll' in basic 

Bessemer, 96, 97, 98. 
Ward, L., system of motor control, 731. 
Washburn and Moen Mfg. Co., Rod mili at, 

802. 
Wa.,bed 111etal, 177. 
Wa.,blng processes, 191. 
- Talbot, 196. 
Waste heat from reheating furnaces, 

Recovery of, 556. 
Water, Consumption of, by condensing 

engines, 679. 
---- by non-oondensing engines, 678. 
-- Feed, Chem.ical treatment of, 658. 
- - Heating of, 659, 660. 
- Hardcoing by, ,126, 427, 428. 
-power,718. 
- softeners, 659. 
Water-cooled blocks, Siemens furnace, 144. 
Wau,r ga.,, 137.139. 
- Composition of, 139. 
Water-sea! reversing valve, Wai!es', 155. 
Water vapour, Action of, in gas produceL', 

113. 
Watt, 721. 
Webster, on influence of Sulphur, 370. 
- Manganese on milrl ateel, 374. 
Wedding, on basic linings, 58. 
-- on Ressemer rcactions, 98. 
- on reduction of Manganesa during 

after blow, 94, 95. 

Wedding, on removal of PhosJJhorus in 
basic Bessemer, 99, 100 

-- on removal of Sulphur in basio 
Bessemor, 95, 06, 98. 

Weiffenback, on case-hardening, 250. 
Weighing test for springs, 339. 
Welding, 527,899,901, 902, 906. 
-- Tests for, 328. 
Weldless tubes, 893, 895, 898, 899. 
Wellman, on American mills, 765. 
-. - oh&rging machine, 15, 161. 
-- electric ingot strippcr, 45, 46. 
-- fore-heartb, 210. 
-- furnaoe, 149. 
-- ingot charger, 565. 
-- ingot crane, 40. 
Wellman-Seaver charging mach~e, 162, 

565, .568. 
--guided ingot stripper, 47, 48. 
Wenstrom's mm, 634. 
Whlle, Chas., continuous mili, 598. 
While, J. M., Ba.rrow Bessemer sbop, 53. 
White, M. C., on nickel steels, 406. 
Whitehouse, C., wrought-iron tubes, 901. 
Whitworth, casting under prcssure, 387, 

883, 884, 887, 890. 
-- Forging press by, 854, 86l. 
Wicksteed testing machine, 303-307. 
Wiener, on Vanadhun steels, 422. 
Wigham and Stead, on copper in steel, 376. 
Wlld, J., & Co., Uehling pyrometer, 448. 
Wllson producer gas, Analysis of, 134. 
Wilson gas producer, 117-120. 
Wflson's compound armour plates, 289. 
Wfngbam and Ball, on desulphurisation, 

191. 
Winkler and Lunge, calorific power of 

gases, 131. 
Wire. 911. 
-- Annealing of, 915. 
-- Bench for dra.wing, 911. 
-- "Bench-hardened," 917. 
--Galvaniiled, 917. 
-- "lmproved," 916. 
-- "Patented," 916. 
-- "Plough stcel," 916. 
-- Strength of, 916. 
- Telegraph, 799. 
-· Tempcring of, 916. 
Wire blocksJ 011, 912. 
Wlre drawing, 911-91.i. 
Wire fencing, 811. 
Wire gauge, 917. 
Wire mili, 799. 
Wlre reels, 799, 811, 812, 813. 
Wire rod mili, Bedson's, 801. 
-- Belgian, 797. 
-- Boeoker's, 805. 
-- Continuous, 801, 804. 
- Garretl's, 803. 
-- Morgan's, 802. 
-- Output 0!1 810. 
- Speed o!, 608. 
Wire rods, 797, 810, 8ll. 
Wlsconsln Steel Co.'s mili, 760 
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Wltkowltl, Combined procesa at, 224. 
- Melting ahop at, 212. 
- Open hearth experimenta at, 215. 
- Talbot procees at, 202. 
Wollllltn, 576. 
Wohler alternatmg ben<Ung machine, 324. 
- experimenta on fracture, 701. 
Wolfram, Reduotion of, 413. 
Woe&I, or Indian steel, 292. 
Work, Influenoe of, on size of grain. 434. 
Wertdng, Effeota of, 523, 608, 609, 853. . 
WJlle, W., on Sootch milis, 760. 

y 

Yarrow, A. r., experimenta on tubes, 899. 
Y1m1w & Oo., Lt.d., E:a:perimenta on 

drilling by, 851. 
'fleld In baaie open hearth prooe111 (Hubert­

uhütte), 220. 

Yleld In buio open hearth proce111(Jurievka), 
222. 

- Bertrand,Thiel prooess, 199. 
- :S-mer and Siemena pl'OCMel, 

214. 
- oombined procesa (Witkowitz), 224. 
- Hoeeoh prooess, 218. 
- Talbot procesa, 201, 227, 228, 229. 
Yleld polnt, 299. 
Young's modulus, 298. 
Youngstown, C-0ntinuoua mill at, 821. 

z 
Zlne, 920. 
- aahes, 921. 
- Chloride, 933. 
- Galvaniaing by, 919. 
- Influence of, on steel, 378. 
Zllaw, Influenee of tin on steel, 378. 
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