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Abstract, -------- 

Preliminary examination of the stresses 

produced in a cast magnesium piano plate by tuning 

the strings to the normal pitch waS carried out 

qualitatively by the application of "Stresscoat, 

a brittle lacquer made by the Maeaflux Corporation. 

The results are reported in Part I and Part 1. 1, 

Investigations  No 2060 and No. 2061 respectively. 

From this work the position of the most highly 

stressed sections of the piano plate and the 

approximate directions of the principal stresses 

were obtained. 

Tho present report (part III) deals with 

the application of bonded-wire electrical resis-

tance strain ifflges to the problem. The strain 

gauges were affixed to the piano plate ai;  points 

specially selected.„aftbr consideration of the 

stresscoat analysis, to give the maximum information. 

Strain measurements were taken 1..twlediately after 

tuning the strings and again after several days to 

determine the amount of creep. The results of this 

investigation are discussed and s%gestions made 

for changes in design in order to ristribute 

the load more efficiently. 
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1• OriEln   of the investi.E2t1on  • 

The cast magnesium piano plate was submitted by 

Dominion Magnesium Limited, Toronto, Otario, for  a stress 

analysis investigation in  order to  check the present design 

and to obtain suggestions for improvements which should be 

applied in production. 

2. Introduction: 

The qualitative distribution of the stresses pro-

duced in the piano plate by tuning  the  strings to normal 

pitch had been previously examined using a brittle lacquer 

sprayed  on to the surface (see Investigation Reports No.  2060, 
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(I:iximoduf;:tion0  contid) - 

dated June 5, 1946, and No. 2061 0  datod Juno 15,•1946). 

ordor  • o determine tha magnitude of tho principal otrosseo, 

SR-4 bonded resistance wire otrain gaugas wore attached to ,  

th  o plate at posY,tiono and in directions selee0d on the 

basis of the brittle lacquer experiments. Whose gauges non- . 

slot of a fine wire Prie,mfflnt bonded to papor, and they are 

emmonted to the surface a the structure to bo tested. 

Subsequont strain in the structure will produce strain in 

tho wiro of the gauge and a corresponding change in Its 

resistance7, this change cari be accurately measured. 

Description, of the Plano Plate Assambly-J 

As received, the piano plate was mounted on a 

wooden frame 3 inch; thick. A sketch of tho plate is ahowe 

in Pigures 1 and 2 0  and a general view is shown in Figuro 

Tho plate was made from Magnesium, Alloy AZ80X 0  cast 'AXI, a 

green sand mould, and afterwards nandblasted. No heat treat-

ment was applied. The magnesium metal used had  boon produced 

• by the silicon reduction process. 

Tho mechanical properties of the alloy aro given 

in 'Pablo I. 

. .TABLE I. - Properties of Magnesium Alloy AZBOX, 
As Cat . 

	

TENSILE PROPERTIES 	 . . 	 'alodulus sBrinell 
Ult. Tensile sO.,‹.), l'roof 	* Elongation Compressive sof Elas-sHardness 

p.s.i.s Stressn p.s.i.3 in 2 Innhclo'.0tr., pos,1,, sticley, .. (50-kg.
••TyPi-e M'inl-s TyPi-'i',  Mims- -  '''.eypi--',:Mini- s Ulti-s Yields p.s,,i. gload, 

cal' mum s cal i mum s oal s mmi s mate 	 10-1m0Yee 
G 	 G 	 g 	„ . 	. . 	 O 	 .  

20 000 ' ̀;:>5 000 ' 1 41- 000.10 000 s,  5 0 	 0 0 `'s 0 	° LtE) 000 ell 500 n 6 5 w1 6 . , . 	. ”, . , 	,... .,.. s, , 	 ... 	 4, 	 ,,, 	 ,,..- a 	 0 ., 	p 	 e - - ... p t•• 	il 	' ,,, • 	. 	.- 	t/ 	
e;. 0 
CI Y,, 

0 	 . 	 . 	 . 	 0 0 0 0 
0 0 	 0 	 <, 	 0 	 0 	 ",> 	 .0 0 

• 

4 0  Method. of Tests 

A. total of 90 strain gauges of different types were 

used ln this investigation. General particulars of the 
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(Method of Test, contld) - 

various types aro given in Table II. . 

- Particulars of,Strain,pauges_Employo 
■ 

:NumbergEffectiveg 	 g 	g 
: of g Gauge 	gApproximategGauge g 

	

TypegGaugesg Length, gRosIstanco,gFactorg 	Remarks 
g Used g inches g ohms 

0 
0 

4 ,  

AR-lg le 	13/16 

A-5g 51 s 13/16 

	

AX-5s 	6 g 1/2 

A-5g 12 g 1/2 

	

A-8s 	4 g 1/8 
A-11s 23 g 1  

s 2,05 :Throe gauges in rosotte 
g arrangomont. 

g 2,11 sSingle gauge. 
g 2.01 gTwo gauges at right 

g angles. 
s 2.00 gSingle gauge. 
g 1.83 gSingle gauge. 
g 2,05 gUngle gaugo. 

0 

The surface of the plate at the  selected points 

was slightl •  roughened with 090 emery cloth, and then. cleaned 

with acetone. Each gauge In turn was also cleaned and affixed 

to the plate with Due° cement. During the drying period each 

gauge wan covered wi th a piece of sponge rubber hold in place 

by a small weight or a suitable clamp, depending upon the 

position of the gauge. The gauge;  were allowed to dry for 

24 hours, tested for continuity and leakage resistance, and 

then coated with Socony Vacuum Petrosene ne wax to prevent 

any change In moisture content, 

The strain  measurements were carried out using an , 

SR-4 Portable Strain Indicator, manufactured by The Foxboro 

Company for the Baldwin Southwark Division. This Instrument 

consists essentially of a Wheatstone bridge network, with a 

built-in 1000 c.p.s, power supply, and is designed to indicate 

the strain directly in micro-inches when used with a 

120-ohm resistance gauge. Connection to the sauge  leads was 

made through. a special mercury-in-glass connector designed 

to minimise contact 	istance variations. The initial 

balance reading was found for each gauge, Using a gauge of 
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(Method of Test, contid) - 

the same type for compensating purposes° The load was thon 

applied by tuning the strings to the normal pitch, and a 

further set of s train  readings was taken. Tn order to 

obtain un 'Indication of the creep  al; the more highly stressed 

points, successive sets of readings were taken fter periods 

of 3, 	and 15 days.... . 

Twenty of the. strain gauges were not . affixed until 

6 days after the plate had boon tuned. This . stop was con-

sidered desirable in order to supplement the information 

already obtained at certain points. Radings for thooe extra 

gauges were included in the sets of measurements taken on 

• the seventh, fifteenth and sixteenth days a 'ter  loading° 

Who:no • load balance readings were Obtained finally on all 

gauge  s after the strings had boon relaxed° 

The general dispositio xi  of the gauget on the piano 

plate can be soon in Figure  3  omewhat  more  detailed photo-

graphs are shown in Figures 4 to 15° Tho'results of the 

strain gauge measurements are given in Tablas. III and IV° 

(Tab1o5 III and IV 2ollow,) 
( on Pages 5  _ 	_ 
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Stain eieaizuemerts on  Gauges 
- Attached at Commencement, o).  Test (Contd) 

e-vf  tlyt-,4.1„Le.1 

. 	. 	: 	 Strain Gauge Readings 	 . 

	

. 	-, e zpvrain, 	3 	 . 

. 	:Gauge 1" -n.5.;r;-; -"ià.:1,: 1-r_re.ed -îatei7,-Ç77-; days g'7 dayà g 1 5 daysgracrbhas :Fl -flal 	. 
Gauge:Type:Factorg no 	g after 	:after :after :after gMaximumgTotal:eadingpNo Loadn 

. 	. 	g load g loading gloadinggloadinggloadingg 	. 

	

. 	gunloaded change 

	

302 	328 	330 	326 	_210 -1 8 	530 	+18 

	

852 	830 	852 	948 	-227 -109 1069 	+12 

	

1705 	1 702 	1739 	,19e2 	+570 +370 1838 	+266 

	

958 	947 	967 	1057 	-150 	-40 1142 	+45 

	

460 	450 	- 476 	560 	+157 .+157 	492 	+89 

18 	A5. 2,00 	2392 	770 	760 	771 	812 	-1652 -1580 2322 	-70 
19 	 1789 	633 	629 	636 	668 	-1160 -1 121 	1781 	-8 
20A .15 	2.11 	610 	11,53 	1149 	1155 	11 49 	+545 +559 	690 	+80 

	

1484 	 248 	248 	282 	300 	-1236 -1184 1501 	+1 7 

15 	A5 	2,11 	51 2 
A 1 057 

AK5 2.01  B 1572  
A 1097 

17 	 B 403 

0 

0 

0 

f-2 

0 

21 
22 
25 

AS 1.85 
A5 2.11 

+32 
+153 

.0 

	

625 	10 	 5 	15 	38 	-620 -587 	657 

	

1197 	202 	' 	215 	295 	44218 	-995 	-709 	1 1350 

	

1451 	959 	957 	960 	982 	-494 -469 1459 

	

2.05 	902 	1 391 	1 380 	14e-1 1512 	+610 +610 1010 	+108 

	

470 	1080 	1070 	1133 1 150 	+680 +680 	544 	+74 

	

2 .11 	2679 	851 	813 	769 	774 	-1905 - 1 905 2553 	-1 26 

27 4232 	1 1 52 	1114  1080 1073 	-31 59 -3159 4058 	-174 
28 	el5 2.00 	2632 	1377 	1410 1 482 1560 	-3 255 -1072 2729 	+97 

3931 	1497 	1 e72 	1481 1545 	-2459 -2386 4011 	+80 

30 	4.5' 2.7U 	2830 	1216 	1208 	110,q 

	

1146 	-1684 -1684 -104 

31 	1- 1 1 2,05 	1636 	580 	576 	580 	6e0 	-1060 -996 1626 	-10 

32 	 2772 	883 	865 	1025 1056 	-1907 -1 716 2781 	+9 

	

1479 	1476 1567 	+679 +679 	986 
1562 +905 +905 	801  

	

900 	1120 1188 	-879 -563 1991 

24 
25 
2e% 

A11  

AS 

35 
34  

	

All 2,05 	888 
709  

	

2.00 	1 751  A5 

1497 
+99 

+240 

(Continued) 
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e^e.0 
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f -, % —0J 
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5. Diousion of. Resultsa 

Tho ronults obteined from tho strain gauge readlns 

were amlysed from two principle v .I.E.repoints„ namely 

(a) To de termine tho overstressed sootiono of tho 
piano plate on the basis of an allowablo stress 
of 6,500 p „ 0 „5. (about 1,000 :micro- in.chco/inch 
strain), 

(b) To determine the understressod sect:i,ons, :1„e,„ 
th000 sections from w):Aloh material ceuld be 
removed. with sai:oty to lighten still further 
tho castinp;. 

(a) Overstressed Sections 

It can be seen from tho progressive changes In 

meny of • ho roadlne that creep and some redistribution of 

load have taken plane during tho test° .  Tho moot hleely 

stressed oections appear to be ln the strengthening ribs 

marked D and D In tho photographs, and to a lesser extent 

in rib A. in  particular tho tapered end of rlb 1,?J ;)  el0M4 

It runs Into the string terminals, and the tapered end of 

rib D were very bighly stressed° These results lndloate the 

sections whose dimensions should be increased  n  rder that 

the working stresses should not exceed ttle allowable value 

of 6,500 

(b) Understressed Sections - 

It lo obviousfrom the results In Tables In Ês.).i.5. 

IV that there aro many santions ln which the stresses, 

oithor tensile or compressive, are very light. At positions 

marked C, B e  R, Ke  Le  M, 0, Pp 0, and Sp shown In the photo-

graphs, the measured strain was loss than 100 mloro-inches 

per Inch„ Material oan bo removed from those sectlowvto 

reduce the weight of tho piano platepwithout appreciably 

 affecting its strength° 

Oonclusions 

As a result of an extensive strain gauge Investi-

gation.of the oast magnesium plane plate supplied, the 
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(Conclusions, sontyd) - 

following suggestions are put for .f.red to  serve as the bus..s 

for a more efficient design of casting 

(a) The cross-sectional dimensions of the 

thrao $ trolgthening ribs marked A, E and D la the 

photographs should be increased, 

(ID) Material should be rem.Dved mainij from. 

edso, mared 0, P and Ms,; from the centre portion 

P (by previdin one or more holes)f, from portionn 

and K (b-s increasing the also of the existing hclos):, 

and £rom the rib C. 

000000000000 

00000000 

00 

(Figures 1 to 15 fellow, 
( on rages 1  to 21, 

the 
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F_leaure.33. 

GENERAL VIEW OF PIANO PLATE WITH 
STRAIN GAUGES AFFIXED. 

mure  4. 

PART OF PIANO PLATE, SHOWING SECTIONS 
MARKED A, B, E, N, 0, Q AND  R. 



Figure 5. 
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PART OF PIANO PLATE, SHOWING SECTIONS 
MARKED A, B, E, H  IND  R. 

Fit-Lap° 6. 

PART OF PIANO PLATE, SHOWING  SECTIONS 
MARKED  B, C. J, L AND  T. 
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Fieure 7, 

PART OF PIANO PLATE. SHOWING SECTIONS 
MARKED C, k .PND S. 

?i:t9re  

PART OF PIANO PLATE S  SHOWING SECTIONS 
MARKED B, E, L, Q AND R. 
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Figure  9. 

PART OF PIANO  PLATE,  SHOWING SECTIONS 
MARKED B, N, 0 AND Q. 

Elmm  10. 

PART OF PIANO PLATE, SHOWING SECTIONS 
MARKED F e  G AND P. 
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Figure 11 

PART OF  PIANO PLATE, SHOWING  SECTIONS 
MARKED D AND M. 

Figure 12. 

PART OF PIANO PLATE, SHOWING SECTIONS 
MARKED 0, D, F,  M  AND  P. 



igur s 13.

PART OF PIANO PLATEP SHOWING SECTIONS
MARKED C, D, a, M AND P.

FiEure 14.

F^tC^ti 'J^ PIANO PLATE, SHOWING SECTIONS
MARRED A, E, H AND R.



Fiere 15. 

PART OF PIANO PLATE, SHOWING SECTIONS 
MARKED Bp E, Q AND R. 
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