
u 
Report NYO | 

Facsimile Price S / / f_/_ 
/ • 

Microf i lm Price $ „ <•• 

Avai lable from the 

Of f ice of Technical Services 

Department of Commerce 

Washington 25, D. C. 

fea^ \ 

f 

"STUDY ON THE MECHANICAL WORKING CONDITIONS 

OF NUCLEAR MATERIALS AS RELATED TO ROLLING" 

Second Quaterly Report 

L E G A L N O T S C E 
This r e i»n wa» prepsT-t'd as nr. account of Govfirutae:!'. sponsored Wiirt., NCI'JK'." tiic 1,'n: 
StaUss, nor The Commisfiloti, nor nny persion nciing on bc'tiaif of the Commission: 

A. M.ik(;s lir.y wsrrjtnty or rc-presor.Ution.cxproased or implied,-A-i!!: respof.-t lo liu- at-i 
racy, conipleteiies.s, or UBcfulnDas of the Informuiion coiiuiiHfd i:; t.hlp rt-port, or thj'.i the ' 
of any Iniormnlion, npparatue, method, mr process disolofcd In this reporl ni:',v no; infi i: 
privatt-ly owat-d rlffhlfl; iir 

H. Aos-.imes any liabilitinn with resiX'ct to iho use of, or for d.im:igc« ri-Buitliif; f:«iu 
use of any Information, appiiratus, method, or orofoss discioeed in this rpiror:. 

As uficd in the above, "pcvfcon acilng on behalf oi tlie Coinmlsnioii-'' inivliidfs a.",y e 
ployf.'t' or contractor of the CommlHsinn, or tmpioyeij of HIIC!] fonlraftor, to the (•Ktoni S 
such nmployi?e or contractor of the Commfssion, or cmplo.vcc of such fontrjifior prcjjar 
disaemjn.ites, or providos access to, a.":y Information pursuant io his employment or con:r 
wltJi the Commission, or his employment with such contractor. 

C. A. Martinez Vidal 

J- A. Sabato ^^^^^^ 

^ | < J H E ^ ^ 

September 1962 

Comision Nacional de Energia Atomica 

Buenos Aires 

Republica Argentina 

-J-terP ss no fihjafttinr, f m n i ihp p .̂T'̂ pf-

semination of 
point of view to the pubHcation or dis-

is ciocufhfent: 
NY P3tar*-'%.aim.. 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



Report NYO ^ » JOXOC 

Second Quaterly Report 

to 

U.S. Atomic Energy Commission 

"STUDY ON THE MECHANICAL WORKING CONDITIONS 

OF NUCLEAR MATERIALS AS RELATED TO ROLLING" 

Contract AT (30-1) 2927 

C.A. Martinez Vidal 

J.A. Sabato 

This docmneat is 
PUBLICLY RELEASAILE 

September 1962 

Comision Nacional de Energia Atomica 

Buenos Aires 

Republica Argentina 



TABLE OF CONTENTS 

Page 

Abstract 1 

1.- Introduction 1 

2.- Experimental Procedures 

2.1 Apparatus 

2.1.1 Ford compression die 1 

2.1.2 Load cell 2 

2.2 Materials 5 

2.3 General Methods 

2.3.1 Ford compression die 5 

2.3.2 Rolling load measurement 6 

3.-- Experimental Results 6 

4»~ Discussion and Conclusions 7 

References 12 • 

Report Distribution List 13 



- 1 -

Abstract 

This report coverss a) the design, cons­

truction and adjusternent of a Ford plane-

strain compression die, to be used in the 

determination of constrained yield stress 

curves, and b) the design and construction 

of a load cell with strain gauges to be 

used in the measurement of the roiling load 

during rolling.-

1.- INTRODUCTION 

In the First Quaterly Report NYO 9843, was indicated that the 

results obtained with the Ford die were not satisfactory. The die was 

repeared, but even so, it was not possible to obtain reliable results. 

It was decided then to build a new die, where various improvements 

-respect to the old one- were introduced, as it is described in 2.1.1. 

The determination of the actual rolling loads -by mean of the 

measurement of the forces acting on the left and right upper bearing-

holder- was necesary to correlate them with the values obtained with 

the Ford die.-

2.- EXPERIMENTAL PROCEDURES 

2.1 Apparatus 

2.1.1 Ford compression die; In the First Quaterly Report we 

have given the general description of the Ford compression die. In the 
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I new Ford die, the four columns were eliminated and the tool-dies were 

modified in order to obtain a compact body with only two windows t© 

put in and to take out the samples. Fig. 1 is a drawing of the die and 

Fig. 2 (Plate I) shows the actual die (1,2,3,4), 

Two sets of tool-dies made of special tool steel were built. 

Their dimensions are 2 x 50 mm and 5 x 50 mns. 

2.1.2 Load cell; If we considered perfect aligneiuent in the ro­

lling mill and non-flatteness. of the rolls (5,6), the rolling load, a® 

it is shown in Fig. 3, can be divided in two forces, L̂  and Lj,, that 
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Ln - Rolling load 

hj^ and L|j - Measured 

loads 

Pig. 3 - Rolling load in the rolling aiill 

could be measured with load cells (7) situated in the bearing-holdersa 

These load cells should operate without interfering with the eventual 

raising and lowering of the rolls (Fig» 4). 

The upper plate has an spherical seat in which the screw down is 

applied and tivo threaded rods keep the plate tight in position. 

The body of the load cell has four strain gauges, two actives 



Fig. 1 - Plane-strain compression Ford die 

l) 2) 3) : Upper die shank with a spheric seat 
4) : Top die 
5) : Bottom die 
6) : Backing-plate for the whole die 
10) : Guide for centering the specimens 



#lg 4 » Load e®ll 

1) Upp®r plat© 
2} Body of the 
3) Lower plat# 

load cell 
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and two duramies for temperature compensation. Through an spherical 

surface the load ceil body seats in the lower plate, and an alien 

screw Joins the lower plate to the body. 

The lower plate is fixed with four screws to the upper bearing-

holder* Fig. 5 shows a load cell in the rolling mill. 

The cross-section of the body was calculated in order to be able 

to produce 0,2 '/o strain with the maximun rolling load of the rolling 

mill (35 tons): 

s t r e s s € " = £ ! = 0,002 x 21,000 kg/ram^ « 42 kg/nun^ 

2 2 
c r o s s - s e c t i o n A = L/<f = 35,000 kg/42 kg/mm s 835 mm 

the f i n a l diameter was f ixed i n 32 ram«-

2.2 Mate r i a l s 

The material used in the Ford compression test was fully annea­

led electrolytic copper strips. 

Chemical composition; Si <r 0,01 | Ni - 0.01 | Fe - 0,01 | 

Ag < 0.1 I Al-c 0,01 I Mg< 0.001 

2.5 General Methods 

2»3»1 Ford compression die; The specimen are copper strips of 

49 inin wide and 5 mm thickness. The die is fixed with a small load and 

the change in the dial gage is measured for every ton of load. The 

elastic recovery is measured by discharging the load suddenly. With 

the measured values, the conventional strain and the constrained 

yield stress are calculated; 

conventional strain e = Ah/hg 

load 
constrained yiel stress CYS = area of identation 
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2,3,2 Rolling load measurement; Fig, 6 shows the electric circuit 

used. Two half strain gauges bridges are measured with two suitable 

Fig, 6 - Rolling load measuring circuit 

instruments and the output registered in a two channel high speed re« 

corder (oscilograph type). 

Previously, the whole assembly is calibrated in a universal testing 

machine.-

5.- EXPERIMENTAL laSSULTS 

One group of ten copper strips samples of 5 mm thickness and 

another group of ten copper strip samples of 2 mm thickness have been 

tested. As the dies have 2 mm and 5 ram wide, the thickness chosen in 

every group of samples is such that the same relation 

±Ai - thickness of sample _ . 
wide of the die 

is mantained. The dies were lubricated with raolybdenun bisulphide and 

colloidal graphite suspended in alcohol. 
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In all the tests a stram-rate less than 0,1 ®/o per sec. was 

maintained. The results are diagraniiaed in Fig, 7 and compared with 

the original Ford results in Table I (4), 

Fig, 8 (Plate II) shows four speeiaen tested with the die of 

5 mm wide»-

4,- DISCUSSION AND CONCLUSIONS 

In our First Quaterly Report, it was mentioned that the non-axia-

lity between the dies in that first Ford die, was one of the principal 

problems to be solved and Fig, 9 (Plate II) shows some tested samples 

%yhere bending -due to non-axiality- is quite remarkable in the compre­

ssion zone. 

If Pig, 9 (Plate H ) in compared with Fig. 8 (Plate II) -speci­

mens deforaied with the new designed Ford die- the differences between 

both groups of samples can be appreciated; with the new Ford die per­

fect axiality is maintained even for reductions as high as 95 °/o» 

In Fig. 7 and in Table I, we compare the results obtained in four 

different samples (in two of them the relation t/b = 1 is maintaines) 

with the original results obtained by V/atts and Ford (4). 

There is remarkable agreement between both groups of experimen­

tal values, and so it can be said that the new Ford plane-strain 

compression die provides results with very good reproducibility and 

little scattering. 

Furthermore, the whole assembly for measuring the rolling load 

is ready for calibration and so, sistematic determinations of the 

true yield stress, constrained yield stress and specific rolling 

pressure in the chosen metals can b© now carried out,-



Cmentionat Strain f'/.j 

Fig. 7 ^Constrained Yield Jtress For Copper. 



Table I 

COMPARATIVE CONSTIiAINEP YIEUP STt̂ ĝ S VALUES OF COPPER 

References 

Ford (4) a 

Present work b 

Ford (4) c 

Present work d 

Conventional Deformation (o/o) 

10 

28.7 

28.7 

28.2 

20 

35.5 

35.6 

34,4 

34.2 

30 

39.0 

38,8 

37.8 

37,4 

40 

41.3 

41.1 

39.8 

39,3 

50 

43.2 

43.1 

41,6 

41.1 

60 

45.5 

45,2 

'43.2 

43.0 

70 

47,3 

47,3 

45,0 

44.8 

80 

50.4 

50.0 

46.4 

46.7 

90 

63,0 

56,1 

48.2 

47.9 

a ; t = 1.80 mm , b = 2 mm , t/b = 0.90 

b : t =. 2,00 mm , b = 2 mm , t/b = 1.00 

c : t = 2,54 mm , b = 2 mm , t/b = 1.27 

d ; t = 5,00 mm , b = 2 Bun , t/b = 2.50 
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Plate 1 

Fig 2 Assembly of the Ford 

plane-strain compression die 

Fig 3 Load cell in the working 

position m the rolling mill 
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Plate U 

Fig. 8 - Specimens tested with the new Ford die (5 mm thickness, 
ideated with a die 5 mm wide) 

Fig. 9 - Specimens tested with the old Ford die, showing the non axiality 
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