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INTRODUCTORY NOTE. 

PuDDLED iron is worked up by welding toget,her piles of small 
pieces, the machipery employed for the purpose to-day being 
essentially the same as that described by Dr. Percy i~ his Metallurgy 
in 1864. Steel destined for constructional purposes cannot, how- · 
ever, be produced by welding, and it is therefore necessary to start 
with masses of much greater size, and to produce it in such· quan
tities that a modern steel works turns out ten or twenty times as 
much finished material per week as ·an iron works. The reduction 
in the cost of steel, which has so rapidly enabled it to displace 
puddled iron for most structural purposes, has been mainly effected 
by the perfection of the machinery used for finishing the raw 
material, the mechanical treatment of this metal having a com
mercial importance much greater t:11,an th.~t of any other. The . 
quality of modern constructional steel is due to the chemtst, and 
its cheapness to the engineer. · · · 

By an exceedingly rapid process of natural development, mill 
and forge practice has been completely revolutionised during the 
past 30 years, yet, so far as the author can discover, no book has 
been published which explains how enormous masses of glowing 
steel are now handled and shaped both rapidly and cheaply. Lede
bur's well-known book scarcely touches the fringe of the subject, ' 
while Howe's book on steel <loes ilot even refer to it. 

Much valuable information on the subject is contained in the 
transáctions of various technical societies, such as the !ron and 
Steel Institute and the Institutions of Civil and Mechanical 
Engineers, while excellent illustrations of portions of the plant 
have appeared from time to time in the technical press. In this 
country The Engineer, Engineering, and The lron and Goal Trades 

\ 
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INTRODUCTORY NOTE. 

Review; in America The !ron Age; and in Germany Stahl und 
Eisen may be specially mentioned in this connection. 

These sources of information, which have been freely consulted 
during the preparation of the foYowing pages, are not; however, 
readily intelligible to those who have bad no practica! experience 
in steel works, because they were written for the inf ormation of 
men engaged in the trade, who were acquainted with the technical 
terms commonly used in the works. and familiar with the appliances 
generally used at the time the articles were prepared. 

The following section is an attempt to supply, as far as possible, 
this lack of practica! experience, by giving a concise statement 
of elementary principies, and such a record of. past and present 
practice, as will enable an intelligent student to understand the 
successive steps by which the mechancial working of steel has 
advanced to its present stage in a single generation. It is hoped 
that this record may also prove of sorne use to those who are actually 

engaged in steel-making. 
Those desiring to pursue the matter further, will find at the end 

of each chapter a list of sources of information which may be 
profitably consulted. As far as practicable these have been 
arranged under the heads of the subjects with which they chiefl.y 
deal ; but sorne papers, such, for instance, as those by Messrs. 
Lantz and Max Meier read at Dusseldorf, and published in the 
issue of Stahl und Eisen of November, 1898 (from which several 
illustrations in this work have been taken), deal with such a variety 
of subjects t'hat it is almost impossible to classify them under 

any one head. 

I 

JOHN W. HALL, 
Birmingham. 
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,, 372. Stifiener for Strengthening a Deeply-cut Roll, 
,, 373. Limiting Angle at whicb the Rolls wili Bite, 
,, 374. Various Forros of Grooves in Rolls, 
,, 375. Cogging Rolls, . 
,, 376. Slabbing Rolls, . 
,, 377. A, Section of Girder when finished; B, while being roughed out, 
,, 378. Drawing Passes for _lron and Steel, 
,, 379. Pass for Ur,tqual-sicted Angles, . 
,, 380. Sections of Rails, 
,, 381. Where Sections can be increased in Thickness, 
,, 382. Rolls for Bulb Bars, 
,, 383. Anglcs, 
,, 384. Bridge Rails, . 
,, 385. Box 'lram Rail in Shaping and Finishing l'asses, 

386. Girder Tram Rail in Shaping and Finishing Passes, 
,, 387. Lathe for Turning Rolls, 
,, 388. Turning Chilled Rolis, . 
,, 389. Three-high Cogging Rolls, 
,, 390. ,, Billet Rolls, . 
,, 391. Four Methods Óf Arranging Three-high Rolls, 
,, 392. A, English Thrée-high Rail Mill; B, American Three-high Rail Mill, 
., 393. The Dowlais Mill, 
,, 394. Section through Rolls of a " Double Duo " Mill, with Repeater, , 
., 395. Brown\ Reciprocating Mili, 
., 396. Lauth's Mili, 
.. 397. The Universal Mill, 
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Fig. 398. Universal Slabbing Mill and Engines, 
,, 399. Wenstrom's Mili, 
,, 400. Sack's Mili, 
,. 401. Seotion rollad in Sack's Mili, 

402. Grey's Mill, 
,, 403. Rolling Mili fitted with Power Levers, 
,, 404. Lift used in Cogging Ingots of Modera.te Weight, 
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¡¡33 
634 
634 

• 634 
635 
637 

• 638 
,, 405. Method of Driving Live Rollers between the Housings, • 640 

642 ,, 406. Combined Travelling and Lifting Table, . 
,. 407. Hydra.ulic Manipulator for Three-high lllili, 

408. Manipw.ator for Reversing Mili, . 
409. 

PLATE XXIX., to f ace 644 
644 
645 

410. having all Parts a.hove Floor, 646 
,, 411. 'lilter fitted with Arrangement for Edging Slabs, 648 
,, 412. Manipulator for Handling Fla ts, 648 
,, 413. Evans and Lewis' Patent Manipulator for Finishing Train, 649 
,, 414. Turnover Transfer, 650 

415. Skid Gear, 651 
,, 416. Travelling Table, fitted with Live Rollers: . PLATE XXX., to face 651 
,, 417. Plate Mill with Travelling Tables, 652 
,, 418. Skid for Hot Bed, fitted. with Mova.ble Finger, 653 
,, 419. Green's Modern Economiser, 661 
,, 420. Babcock and Wilcox Boiler, with Superheater, 662 
,, 421. Stirling Boiler, with Superheater and Chain Grate, 662 
,, 4.22. Diagrams to explain the Influence of Inertia. and Momentum, 668 
,, 423. Porter-Allen Engine, 671 
,, 424. Reversing Engines for Cogging Mili, PLATE XXXI., to face 673 
,, 425. Reversing Engines without Gearing for Finishing Mill, . . 674 
,, 426. Starting Effort and Turning Moment of Two- and Three-Cylinder 

Engines, • PLATE XXXII., to face 674 
,, 427. Three-cylinder Vertical Reversing Engine, 677 
,, 428. Exhaust Turbine driving Electric Generator direct, 681 
,, 429. Professor Rateau's Heat Accumulator, . 683 
,, 430. Storages of Hea.t from Exhaust Steam in a Ratea.u Accumulator, 684 
,, 431-434. Exhaust Turbines at the H~llside Steel Works of the Steel Company 

of Scotland, PLATE XXXIII., to face 685 
,, 4.35. Otto Gas Engine, 699 
., 436. Indica.to~ Diagram from Otto Gas Engine, 700 

437. Turning Moment tra.nsmitted to Crank-shaft in Otto Gas Engine, 700 
,, 438. Vis,a-vis Gas Engine, 702 

439. Tandem Single-acting Gas Engine, 702 
,, 440. Four-cylinder Four-cycle Gas Engine, 703 
,, 441. Nurnberg Engine, 705 
,, 442. Method of Openmg-up Nurnberg Engine for Examination and Cleaning, 705 
,, 443. lndicator Diagram from Nurnberg Gas Engine, 706 
,, 444. Prernier Gas Engine, • 707 

445. Oechelhii.user Gas Engine, 709 
,, 446. Koerting Gas Engine, • 711 
,, 447. Diagram to explain Power Factor, 721 
,, 4.48. Speed of Mili and Power absorbed in rolling a Sheet, 724 
,, 4!9. Diagram showing Efiect of a Normal Size of Flywheel, 726 
,, 450. ,, ,, too Light a Flywheel, 727 
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Fig. 451. High Efficiency Va.ria.ble Speed Three-Phe.se Motor Set, • 729 
,, 452. Dia.gra.m of Essentia.l Pa.rts of Ilgner Set, PI.ATE XXXIV., to face 732 
,, 453-457. Gra.phic Determina.tions of Deta.ils of Motora for Reversing Motor Milis, 

PI.ATE XXXV., to face 732 

,, 458. Electrica.lly-driven Reversing Rolling Mili a.t the Reinische Sta.hlwerke, 
PI.ATE XXXVI., to face 734 

,, 459. Ilgner Reversing Mili at Skinningrove Iron Works, 
PLATE XXXVII., to face 734 

,, 460. 12,000 Horse-power Reversing Motor, • 735 
,, 461. Plan showing Arrangements of Electrioal Portions of Plant, 

PI.ATE XXXVIII., to face 736 

462. Cross-section through Motor House showing Fans for Cooling Reversing 
Motor, PLATE XXXIX , to face 736 

,. 463. Cogging Hammer, • 743 
., 464. Ball and Socket Joints for attaching Tup to Hammer Rod, . 744 
, , 465. ·Reversing Cogging Mili, . PLATE XL., to face 746 
,, 466. American Three-high Mili, with 36-inch Rolls, • Pr,ATE XLI., to face 746 

467. Horizontal Bloom-shear, worked by Steam lntensifier, 747 
., 468. Section through Bloom Sh~ rs, . 748 
,, 469. Vertical Hydraulic Ingot Shear, . 749 
,, 470. Bloom-Shearing Machine-Elevation, 750 
., 471. Plan of Bloom-Shea.ring Maohine, PLA1'E XLII., to face 750 
,, 472. Bloom-Shearing Machina and Measuring Stop, . 751 
,, 473. Combined Cogging a.nd Bar Mili, • PLATE XLIII., to face 752 
,, 474. Device foD Changing Rolls, 755 
,, 475. Hot Saw, · 757 
,, 476. Cold Saw, 757 
,, 477. Angle Straightening Machine, 758 
,, 478. Special American Bar Mili, 759 
., 4 79. 12-inch Three-high Guide Mili, 761 
,, 480. Dóuble-rail Straightening Machine, • 763 

481. American Rail Mili, 767 
,, 482. Method of Turning Bloom on Edge by meaos of Live Rollers, 767 
,, 483. Hammering Tire Bla.nk, 769 
., 484. Tire-Rolling Mili, • 770 
., 485. Ta.ble of Tire-Rclling Mili' with Tire in Positi@n, . 771 
,, 486. Mu.nton's Tire Mili, , 772 
,, 487. Five-wheel Reversing Gear foD Rolling Platea, 774 
,, 488. Coil-Clutoh Reversing Gear, 776 
,, 489. English Plate Mili and Pinions, . · 777 
,, 490. ,, ,, with Engines and Live Rollers, PLATE XLIV., to face 778 

,, 491. Plate-Straightening Machine, • 780 
,, 492. Pla.te Shears, • 781 
,, 493. American Three-high Plate Mili, PLATE XLV., to face 783 
,, 494. Three-high Lauth Universal Mili, 785 

495. American Universa.! Cogging Mili, , 786 
,, 496. American Sheet Mili, , 788 
,, 497. Sheet Mili Rol! Diagra.m to expla-in Method of Fracture, , 789 
,, 498. Scraper for Strip, , 795 
,, 499. Patent Scra.per, . , 795 
,, 500. Housing for Strip Mili, 795 
,. 501. The Belgia.n or Looping Mili, 798 
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Y1g. 502. Four-high or " Double-duo" Rod Mili, 
,, 503. Bedson's Continuous Mili, 
,, 504. Garrctt's ) Iili, . 
,, 505. Boecker's Wire Mili, 
,. 506. Belgian Mili combined with Continuous Rolls, 
,, 507. 16-inch Breaking-down Stand,- . 

508. Breaking-doun Rolls of the Mossberg Mill, 
,, 509. Pas~es in the Breaking-down Rolls of Mossberg Mifl, 

,, 510. Traction Reel, . 
511. The 111organ Pouring Recl, 
512. Flying Shears, . 
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800 
802 
804 
806 
807 
808 
800 
809 
S12 
812 
81:í 
816 ,, 513. Dia.gram to explain Acticn of Flying Shears, 

,, 514. Cont.inuous Biliet Mili, . 
,, 515 Twisting Guides used in Continuous )lills, 
,, 516. Method of Sccuring Twisting Guides, 

PLATE XLVI., to faCl 8Hi 
816 

,, 517. Combination Continuous :\lill for Rolling Sections, at Duqusene, Pa, 
518. Contiuuous '!in-Bar 111ill and Method of Driving Same, . 

., 519. Composite Plan of Four Morgan Merchant Milis, 
,, 520. Stock Yard commanded by Travelling and Transfer Cranes, 
,, 521. Travelling Crane at Cambria ! ron Works, 
,, &22. Travelling Crane by the Brown Hoisting and Conveying Macbine Company, 
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tsl7 
81.9 
820 
S23 
824 
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836 
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839 
844 
854 
85J 
858 
859 
860 
SGO 
SGI 
861 
8l\3 
865 
86i 
8(i8 

870 
873 
87t, 
8, li 
877 
877 
885 
88() 
887 
8:)3 
8\.14 
894 
896 
897 
898 

,, 523. Steam Tilting Hammer, . 
,, 524. Section of Large Ingot for Heavy Forgings, 
,, 525. Reimer's Apparatus fo r keeping the Top of the Ingot Hot after Casting, 

,, 526. P orter Bar for holding a Steel Ingot, 
527. Bessemer's Hydraulic Forging Press, 

,, 528. Shape of Hammered, Rolled, and Pressed l\1aterial, 
,, 529. 2,000-ton Hydraulic Forging Press, 
,, 530. Tannett-Walker Forging Press, 
,, 531. Locking Arrangement, . 

532. The Bochum F orging Press, 
,, 533. Whitworth's Forging Press with Fixed Cylinder, 

534. Adjustable Cylinder, 
,, 535. Davy's Original Forging Press, . 

536. Davy Brothers' New Qnick-acting Press, 
,, 537. Davy's 4,000-ton High-Speed Forging Press, 
,, 538. Davy's 150-ton High-Speed J.Torging Press, 
,, 539. Haniel and Lueg's Forging Press, 
,, 540. Breucr and Schumacher's Forging Presa, 
,, 541. Tweddell' s Forging Press, 
,, 542. Allen's Hydraulic F orging Press, 
,, 543. Porter Bar for holding Ingot while Forged in Press, 
., 544. )lethod. fo r Turning the Forging, 
., 545. Hydraulic Presa for Fluid Steel, . 
,, 546. Harmct's Press for Fluid Steel, . 
,, 547. Robinson and.Rogers' Method of F luid Compression, 
,, 548. Press for Piercing Billets, 
,, 549. Rclling Weluless Tubes--" Rolling-on," • 
,, 550. - " Rolling-off," . 
,, 551. Tube-drawing Bench, 
,, 552. Reeling Machine, 
,, 55'l Sta.ges in forming Weldless Tuue from Stecl Sheet, 
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