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embedded thermal and pressurization loadings, and mechanical tests are presente
and compared with design goals. Detailed manufacturing specifications are
presented along with reco .ended calibration and installation techniques.
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A-i CABLE TRADEOFF

The largest cable size consistent wi th the O.l25-in.—diameter hole allowed
in the package skin comes out to be a 4—conductor , No. 32 equivalent Conductor

- ‘ size, 0.010-in. wal ’ thickness FEP Teflon insulation and an external braided
shield No. 32 equiva lent.

TABLE A- 50. CONDUCTORS , PHYSICS HANDBOOK DATA
(Data for No. 32 at 78°F only)

Type Ohms/ft XlOO

Silver 0.155 15.5
• Copper 0.164 16.4

Gold 0.232 23.2
Platinum 0.952 95.2
Monel 4.00 400
Invar 7.71 771

TABLE A- 51. COMMERCIALLY AVAI LABLE #32 EQU IVALENT CONDUCTOR

• 
Type Ohms/ft X100 Temperature Coefficient

Copper 0.17 17 Not given by supplier.
• Silver/copper 0.20 20 Assumed 30%/1000FMonel 4.5 450

Stainless steel 304* 7/20 700/2,000

*Must 5é less than 5.5S2/ft to meet safety requirement ; difficult to solder

A—2 87
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TABLE A-52. CABLE INFORMATION

Cable, 55O n RB , 2755’- RB , Cable material
(ohms/ft) (length) (length)

10.0 35.4 17.7
9.0 37.8 18.9
8.0 40.6 20.3
7.0 44.0 22.0 1 Stainless steel
6.0 47.6 23.9
5.5 50.0 25.0
5.0 52. 4 26.2
4.0 57.9 28.9
3.0 64.7 32.3 Monel

2.0 73.3 36.6
1.0 84.6 42.3 Platinum

4
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A-2 THEORY OF SENSITIVITY COMPENSATION CURVES

—AM.

R c/2 (T)

V 0 E c max~~6 O V• ‘1’ ~~~~
* (1) 

~~~ 
E 8(11

• ~ c/2 (T)
—w.

Figure A-201
17673

If the four resistors of the bridge are approximately equal , then the bridge
• resistance will be R(sT); the voltage across the bridge will be EB(T) ; the

output voltage fran the bridge E.

E(T) is given by the functional relationship

EB(T) G(T)e(T)N
4

G(T) is the temperature function for the strain gage , gage factor
N is the number of active gages in the bridge
c(T) is the temperature dependent strain at full load.

Circuit Solution
Total Resistance

R(T) =R ’s+ RC/2 + R(ST) + RC/2

R(T) = R’s + R(ST)

Bridge Vo ltage
EB(T) Vo [R(ST)/(R’s + R(ST)]

A— 289
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Full-Scale Strain e(T)
c(T) assumed a constant go

R(ST) Ao + AlT + A2T2 + A3T3 + A414

G(T) Bo + BiT + B2T2 + B2T3 + B4T4

I Ao + All + A2T2 + A3T3 + A4T4
E(T) E VOCO l 2 3 4L(Ao + AlT + A2T + A3T + A41 ) + Rs

X( Bo + BiT + B212 
+ B3T3 + B4T4 )

The coefficients for R(sT) and G(T) are different for each gage type. If
E(T) is computer ized , its solution is simple over any temperature range. The
followi ng curves show the most likely candidates for this design. Percent
error is plotted against R’s, the sense comp resistor and the cable resistance .
Coefficient of expansion for the metal used is taken as a parameter. In real
life (5.0 to 7.0) would cover most metals used for strain gage transducers .

“Percent Error” in this work means Error Band in which the sensitivi ty
is expected to remain over the entire temperature range. For example , Fig-
ure A-202 , the 6.5 curve has a minimum of 1.8% at RS = 2,500 ohms . This means
that the maximum error due to sensitivity over the temperature range -75°F to
165°F is not expected to exceed 1.8% where percent error is defined as

E(T) max - E(T) min
ERR = E(T) average R’s = constant

Figures A-202 through A-207 show the results of the Celesco computer analysis.

The higher the coefficient of expansions for the force collector the smaller the

expected sense error. Next the lower the minimum , the lower the comp resistor

val ue. Finally, the lower the minimum the narrower the curve .

The curves also assume that the attachment temperature for the gages is
278°F (normal practice). The table In the corner of each figure gives the
compression load on the gage for each coefficient of expansion at -75°F. For
maximum stability this number should be kept as low as possible.

A—290

-

- 
• - —

~~~~~~~~~~~~~~~~~~~~~~~~ • _ - —  • ~~~~~~~~~~~ -~~~~~-~~~
—-- • --- --

~~~~~
— -—  

• ______ —-- -



r~~ 

_ _

I I I
E max Due to~~ a

-~~~ ~ 20 _X .  ____ ____  

a m ~ a A I ~ 106 
—

7 1765
~.5 1.588

1% 6 1,412
a~ 15 - 5.5 1.235 —

5 1.059

2 

1 2 3 4 5 6 7 8 9
Sense compensation resistor , K ohms

Figure A-202

17674

20

€ max Due to 
~~

15 — — —
~~~~~~~~ ~~~~~ ~~ ~~o A T x1 0 6

7 1,765

_ _ _ _  _ _ _ _  _ _ _ _  ~~~~

~
\‘ ~~~~~~~~ i” 

•_
_ _. 6 

5 1.059

0
0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

. 6
Sense compensation resistor . k ohms

Figure A-203

17675
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S.  
- _ _ _ _ _ _

.4

10

~max Due to~~0

a m A a~~ T x 106 - 

-•

8 7 1.765 -

__________ __________ __________ ________ 

6.5 1.588
7 6 1.412 -

6 ______ 
5.5 1,059 

-

~~~0
0

Sense compensat ion resistor , k ohms

Figure A-204

17676

The data assumes a constant battery voltage and 500 microstrain as full

scale. Therefore, EB(T) varies as R ’ s varies. But since we are only interested

in percentage error, it makes no difference to the calculation .

The cable enters into this problem in two ways: (1) It is a fraction of

the sense comp resistor , and (2) the line voltage drop must be considered in

the “intrinsically safe” statement.

p

A—292

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r - 

~~~~T~i:’~’~~T ~~~~~~~~~ 
• ---- • •- •  -•--

~

--•--- - •. •
~~~~

• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-.4

Constant voltage
_____  

V~~10v _____  _______________ — Parameter — ~.ge bond t.~~*rature ‘ 0 -

______ Temperature , ~F Compensation pE
320 1,280

________ ________ ________ ________ ______ 
310 1.240 —1 300 1,200
290 1.160

0 _ _  _ _  _ _  _ _  
I 1 .1 I

1.250 1.450 1.650 1.850 2 050

Sense compensation . k ohms
• Figure A- 205

17692

Constant Current Temperatu re 5F Compensation M~
Pa;arn:ter—919e bond temper,ture 3~ 

—

~~ : _ _ _ _  

-

Shunt resistance. k ohms

Figure A- 206
17693
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Sense compensation . k ohms

Figure A- 207 17694
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A-3 SENSITIVITY COMPENSATION PROCEDURE

~
cI2

- t ~~~~ 
$

V0 E~ (rnax~ • 6.0

Rc/2

Figure A- 208 17678

For the typical Celesco bonded semiconductor strain gage bridge ,
• the nominal sensitivity resistor is 1,750 ohms. The resistance of the

circuit is:

Rs ’ = Rs + RC/2 + R(sT) + RC / 2

After the circuit is compensated for sensitivity the battery voltage Vo

may be scaled to any value without Interfering with the compensation for a
desired bridge output. The restriction on scaling Vo is that EC(max) cannot

exceed 6.0 V due to “Intrinsic safety” requirements. The value of R(sT) is

given in Figure A-209 fo~ the 17-4 conditio n over the temperature range of -75°

to 165°F. The required bridge voltage for compensation is:

EB(T) = IVo (540/540 + Rs) max

LV 0(330 /330 + Rs) mm

For Vo = b y , Rs = 1,750 ohms
r

EB( T) = 2.36 V max
[.1.58 V mm

To be on the safe side , let us use EB(T) max 3.0 V. This leaves

3.0 V for cable drop restricted by the “intrinsically safe” requirement .

Further , this also means that the maximum cable resistance at 165°F cannot

exceed 550 ohms, or each 50 ft conductor 275 ohms. Using these numbers in
the relation for R’s gives

A—295
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—I —-5 •0~17-4 —— .6.0

___  ___  ___  — 

-7.0 

—

1

450 

_  __ _ _  
a~5 a~6 a~7

-75 357 329 300
-35 378 354 329

J 5 404 384 363
350 — 4 5  435 418 402 -

85 471 457 443
125 509 488 487
165 550 542 533

300 1
.75 -35 5 45 85 125 165 205 245

Temperature. ‘F
Figure A-209

17679

Rs = R’ s - (RC /2 + RC /2)

Rs = 1 ,750 - 550 = 1 ,250 ohms

The deviation for R’s is

R’ s = (d(RC/2)/dT) ~T

Using Physics Handbook data and using an outside worst-case of 5%/lO0°F
as the temperature rate of change of resistance for the wi re, wi th positive
slope,

1X0.87 = 17. 4 ohms
R’ s = (Monel) 400 x O.051x 1 53 = -30.6 ohms

1XO.87 = 30.4 ohms
R’s = (S.S.) 700 X O.05[xl 53 = -53.5 ohms

for cable resistance deviation .

A— 296



Referring to the (6.0) curve of Figure A-204 shows that the allowable
deviation for 2% max Is 

~~ ~~
$ Both allowances exceed by a factor of 10 the deviations for Monel and a

factor of 5 the deviations for stainless.

Zero Slope

Zero slope adjustment is a rotation function . The rule to be fol l owed
is obtained by looking at the derivative of the bridge output,

E -  ~~ R2 R3_ V
0LR1+R2

_
R3 + R4

(Vo/’~) = EB(T)

dE(T) = 
EB(T) (-(dRi + dR3) + (dR2 + dR4))

This relation says that the temperature slope of the bridge may either
be positive or negative. By our resistor name assignment , (Ri , R3) make the
slope negative if the sum of their slopes are the greatest; (R2, R4) make
the slope positive if the sum of their slopes are greatest. Analytically,

+ I (dRl + dR3 )~ <I (dR2 +

Slope E(T) =

- I (dRl + dR3) I >I(dR2 + dR4)I

.75
Temperature . ~ F

17680
Figure A-210

Zero slope adjustment, therefore, is accomplished by adjusting the

slope of either RI or R3 if E(T) slope is negative or (R2 , R4) if positive.
This can be done by a passive “0” T C Resistr’r In parallel with the selected
gage as shown below .

A—297
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Parallel Resistors

R = (Ri R2/Rl + R2)
TCR = CR2/Ri + R2) TCR1 + (Ri / Ri + R2) TCR2

Let TCR 1=0
ICR (Ri/Ri + R2) T.C. R2

c. 0.5 
____________________

R 1 /R 2
Figure A-2ll

17681

Qualitat ively, the temperature slope of E(T) must be very bad i ndeed to

require a parallel resistor of 10 times the bridge resistance or 5,000 ohms.

From the graphs of Figure A-2l1 , it can be seen that the rate of change of
slope with comp resistance is small. Therefore, a change in this va lue of

50 ohms (worst case for the cable) will effect the result in an unnoticeable

way. A more coninon value for zero slope comp resistor is 25K to 50K ohms.

A-4 MECHANICAL DESIGN

Contoured Diaphragm

Approximate hand calculations using Timoshenko and Woinowsky , “Theory of

Plates and Shells,” pages 298 through 302, and Roark , page 250, showed that

contoured disphragms had definite disadvantages. These disadvantages are :

(1) Thicker outside diaphragm edge caused strain reduction in outside
gage leading to reduction in transducer output voltage.

(2)  Reduction in outside strain gage value caused major imbalance

between inside and outside bridge response causinq compensation

difficult ies .
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Cantilevered Beam Design
Comparison - Constant MomentJRectan~ular

/
Analysis was conducted to determine the output voltage for a constant

moment versus a rectangular geometry beam (figures A-212, A-213). The output

voltage was signifi cantly lower for the constant moment beam configuratio n
for the same length and geometric size constraints of stress gage geometry.

Celesco designed a rectangular cantilevered beam (figure A-2l5) to mount
inside a miniature stress transducer. Analysis was conducted to evaluate
the reinforcement effect of the beam on the diaphragm. Results indicated
that the 0.015 in. thickness beam was adequate to minimize diaphragm
reinforcement effect and maximize electrical output. Some of the supporting
calculations are presented below.

Rectangular Beam

o = M dl , C = h/2, I = bh3/12

o = 6M/bh2, M = 1481 , 
m o/E

c = 6 (W8l /Ebh
2)

Constant Moment

= h E/2r, Vr = M/EI

a = Mh/2 1, = boh3/12

bo is the width of the root of the beam ; bo = 2b; M = Wl

G = 3 (WB1 /bh
2)

C 3 (W 81 /Ebh
2)
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Figure A- 2l2 17684
• Rectangular Beam

_________ Beam

~~~~~~ 

________ restoring displacement

4 . ”
~~

’’ ‘~~~‘j~/ A t f i t~~H t f l * ’
W

E
2a

Figure A-2l3
17685

If the displacements are coaxial , the scalar sum will give the resultant
displacement. -

X X d
_ X

b

From Roark

3
= 

314d (M2 -1~a
2 3W8(M2 —1)a2

l6lT Ed M t 4,r Ed M t

If 17—4 is used for the whole structure , then Eb 
= Ed. Solving for the

force on the oeam

[3w (M2_1)a2/i61TM2t3]

B 
- 

[3(M2-l)/4~M
2t3] +[13/31]

A-300
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Figure A-214 17686

— 3Wira4 (m2 - 1) bh3
B 

- 

i2a 2(m2 - 1) bh3 + 641~m
2
~~~

For 17-4 PH in the H900 condition (see Armco Bulletin 5- 6C ) , modulus of
elasticity is 28.5 x io6 psi; Poisson ’s ratio is 0.272.

m = i/1.i, 3,~(m
2 

—1) = 117.9 = ki

12 (m2 -1) = 150.2 = K2

64 (ra2 )Ir = 2,717.6 = K3

w — K1~~ Wbh 3

B 
- 

1(2 a~ bh
3 + 1(3 - t313 /

Beam

a = M d l , C = h/2, M = WBl~ 
I bh3/i2

o = 6 W 81 /bh2, c= a /E

= 6 WB 1 /bh2E

Inserting 
~B’ 

redefining the constants , and WB = P-A

Ci = 6K1 = 705.6

C2 = 28.5 x 106 1(3 = 4.28 x 10~

C3 = 28.5 x 106 K3 7.745 X i0’0

C = Ci 1 Wa4h/(C2 a2 bh3 + C3

A-301 
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TABLE A-53. DIAPHRAGM AND BEAM DIMENSIONS

Diaphragm Beam

2,000 a 0.163 Normal 1 0.200

t 0.0265 b 0.035

500 a 0.163 h 0.020

t 0.0166 Moderate 1 O.i30
b 0.035
h 0.0i6

Assume strain fran SOpc to 500pc, and solve previous equations for
2,000 psi and 500 psi.

I ~=~
o
ij

Figure A-2l5
17687

O = f o ( x )dx / fdx

CT —paL conta ined in the transfer functions for constant moment

and rectangular

= !~S. , M = Wx , C = h/2, I = bh3/12
L 

= aW/bh2 .f~~
2o0

xdx/f
0 200

dx = o1m~x [ ]1 0.150 0.150 1

A—302
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A

(dL = 0.875 °L max P01-05-500)
1 ~ = 0.950 

~L 
max 1 P01-02-250

J
= 
~/E, c not usedave

Bridge Output

e(T) = EA(T) o (T )  Cmax

TABLE A- 54. BEAM STRAIN VS DIAPHRAGM THICKNESS
2,000 psi Unit

10~
io~~ i~-~ Diaphragm
Output Strain Diaphragm t Displacement Ambient Values

i4.7 50 50.6 66.4 EB(T) = 2.1 V
29.4 100 40.2 132.4 °(T) 

= 140
44.1 150 35.1 198.8 Rs = 1,750 ohms

58.8 200 31.9 264 .9
73.5 250 29.6 331.6 17-4PH-H900
88.2 300 27.8 400.3
102.9 350 • 26.5 462.1
117.6 400 25.3 531.0
132.3 450 24.3 599.3

147.0 500 23.5 662.7

500 psi Unit

14.7 50 31.9 66.3
29.4 100 25.3 132.7 xd = ~~ x io 12(f.~.)
44.1 150 22.1 199.2 t

58.8 200 20.1 264.7
73.5 250 18.6 334.1
88.2 300 17.5 401.2

102.9 350 16.6 470.0
117.6 400 15.9 534 .8
132.3 450 15.3 600.3
147.0 500 14.7 676.8

A-303
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TABLE *- ss . BEAM STRAIN VS DIAPHRAGM THICKNESS

2,000 psi 500 psI
• io~ ~~~~ ~~~~
• 

• Strain Thickness, in. Thickness, In.

50 50.62 31.89 DIaphragm ,

100 40.18 25.30 diameter 0.326 in.

150 35.iO 22 .09
• 200 31.89 20.06

250 29.60 18.62

300 27.85 17.51

350 26.46 16.63

400 25.36 15.89

450 24.32 15.27

500 23.48 14.74

550 22.75 14.27
600 22.09 13.85
650 21.5i i3.46

700 20.50 13.15
750 20.06 i2.84
800 19.6i 12.56
850 i9.29 12.32

Geometric Considerations for_Cabl e Connectors

Smallest practicat four-pin
connector tor cable terminationConnector p.4

Oll4 in 0.280 in.

0.750 in.—..1

Figure A-2l6
17709

The 0.125-in, diameter case hole requirem ent eliminates a conventional
hard-wired cabl e termi nation . The reason is that there is not a cable connector
that small that Is practical.

A—304
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To accaivnodate such a connector , the larger hole size would be needed . Since
this does not seem to be a solution the connector is eliminated .
Connector, Pin Removable

Another approach Is to use a connector from which the pins can be removed .
The cable would be assembled complete with connector by the manufactu rer .

The user would then remove the pins from the shell , install the transducer

and reassemble the shell.

The mechanical restriction is illustrated in Figure A-217. The last pin and
• wi re must fit through the 0.0625-in, space.

/(~~~~~~~~~~~~~~io625 in

Last pin must fit through this -

0.125 in.

Figure A-217
17688

The skill demand , hence risk , to the user is to:

1. Be able to install the pins
2. Get the pins in the right place .

We did not find a connector wit h pins small enough to acconriodate this method .
However, there are available indiv idual pin connectors that will work. Namely,

the concord jack and pin arrangement, Figure A-218. The four wires of

the cable would be fitted with the pins ; the compensation module wi th the
jack. The cable and pins would fit through the hole as shown and then be

mated with compensation module. Shrink tubing would be fit over the jack

and pin arrangement for insulation.

A—305
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Terminal 0.052 diameter-lO/l

/‘ 0.125 diameter 10/1

- 
• 

~~~~~~~~~~~~~~ 
0.051 — 1 ~~~~~~~~ ~0 025 diameter 10-915- 1 pin

O~~k
\~~~~

)
~/ \~ L 0 7  diameter 10.062 diameter

- - Three installed wires
0 036 diameter maximum Note: All dimensions are in inches

j 

Figure A-218

17689

Compensation module

Potted in line

L~ ~~~~~~~~~~~~~ L
_ _ _ _

Potting-’

Figure A-219

176Q0

The zero TC resistors used for compensation are a minimum size of 0.090 in.
The added 3 conductor s In a t ightest array give a minimum dimension of 0.126 .
If a 0.005 wall thickness could be maintained around this assembly, then it

would be 0.135 minimum diameter.

All compensation has been eliminated from Inside the transducer by the Intrinsic

safety requirement. It takes at least 10 V at 7 mA at the input terminals of
the compensation unit to get a useable, compensated output, if stainless steel
or other high resistance wire is used.

A— 306
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Compensation Module Considerations

A serialized module can be used wi th 4 externa l pins for connection to the
transducer.

C

To voltmeter

Power

Figure 4-220

17691

• Coded wires and pins will have to be used so that the user can properly

connect the instrument.

For completing the bridge outside

e
~~ 

= E(BT ) /4~ (dri + dr2 + dr3 - dr4 +~~dr)

+ Zdr is any change of resistance interna l to the bridge . If there are

six long leads with connections internal to the bridge , then there is consider-

able room for bridge output change . The expected magnitude is

eout,ohm 2.22/1 ,800 (1.0) = 1.23 mV/ohm.
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For completing the bridge internally +Zdr Is eliminated and any change in
bridge output will have to be through E(BT)I E(BT)

~
e0~~

. The expected
magnitude for a one ohm change In R5 ~

E(BT) /otwn/ I,800 = 10 450/2,000 - [450/1 ,999] = 0.1 .tV/c~

~E/EBT = 0.05%/ohm

There is an additiona l order of magnitude difference in the error signal
between the two methods. Therefore, the potted module is a better approach.

In any case low resistance wire would have to be used instead of stainless
steel wire to minimize l ead wi re resistance change effects.

A-5 CHEMICAL COMPATIBILITY
Body

There does not seem to be any information on the corrosive effects of solid
propellants on metals. CSD has supplied a list of propellants with a most
probable corrosive for each. Since this is only qualitative information only
qualitative answers can be given . Even worse, the only answers we know of

• depend on exposure to aqueous solutions. There is no doubt that such exposure
is orders of magni tude worse than a propellant environment. However, that is
all we have.

Since chemical activity increases with increasing temperature , worse case will
be at the highest temperature or 165°F.

Oxides

All of the oxides mentioned are harmless to stainless steel at 165°F. In
fact , a process termed passivation is used on these metals (1) to elimina te
elemental Iron on the surface and (2) to increase the oxide thickness and to
make them less corrodable. The usual solution is:

500 ml HNO3
500 ml deionized water
20 gr K2 Cr207 (or N2 CR 207 ).

The parts are soaked at 1400F to 160°F for 30 mm in this solution .

A—3 08
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Halogens

Hydrochloric and hydrofluoric acid in aqueous solution attack all precipitation
hardened stainless steels , all 300 stainless (316 slowly) and all 400 stainless
steels.

S
Halogen-nitric solutions attack all stainless rapidly. For example , a
descaling solution after heat trea tment for most stainless steels is a 25% by

volume (concentrated nitric acid) , 6% by volume (concentrated) hydrofluoric
acid , and remainder D.I water. The solution is used at room temperature for
a maximum of 10 m m .  If the parts are exposed for more than 10 mm ,
the smeared out shiny surface due to mechanica l finishing (amorphous) will

be dissolved . From this point the etch rate decreases by an order of magn i tude
but does continue .

Sul phides

The only reference we have to sulphide corrosion is the Shell Oil Company

“Sour Gas Well ” test specification . The parts are to be intnersed in an aqueous

solution of 5% sodium chloride saturated wi th hydrogen sulphide at room

temperature. This solution attacks all stainless steels tested; most vigorously

at weld joints or weld spots . The longest lived was 316. It lasted 30 days;

17-4 corroded at welds in a matter of hours.

Even in view 0f these gloomy effects , the histo ry of stress transducers does not
indicate any corrosion problem wi thin orders of magnitude of those cited .

Thiokol did Indicate a problem with corrosion of the case material , but they

were testing as high as 3000F where the chemi cal activity would be about 250
times greater than the activity at 165°F.

Based on the history we would recomend 17-7, 17—4, 15-5 or 13-8 PH stainless steels

as case material. The heat treatment is well known and the results of
• mechanical stability are known. We are not so confident with other materials.

A—309



-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

--- 
- - -

-4

TABLE A-56 . PROPELLANT CORROSIVE POSSIBILITES

Types of Propellant Corrosive Products

PBAN HCL Acrylic acid
Perchloric and HCL

CT HCL

Double Base Oxide of N, NO2 
- nitric acid

Polysulfide N2S

Energetic Plasticizers NF , NF , NO2

Burning rate catalysts Cu202, catalyst (t1H4)2 Cr207
Long time basis — HCL ,
N303

Additives

Cable

The cabl e study has shown that cable resistance cannot exceed t’ e bridge
Impedance. This restricts the cable material to around 4.0 ohms/ft max. The
leading candidates seem to be Monel , gold , platinum .

The chemical compatibility of Monel with any environment is Illustrated by a
quote fran the International Nickel Companies Monel Information Phamphlet.
“In general , (Monel ) is more corrosion-resistant than either of its constituents
(nickel) (copper).” Al ong with this Is a list of the compounds formed by each ,
most readily.
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Based on using internal compensation resistors, the monel wire appears to

/ be the best material for chemical corrosive resistance and low electrical
resistance per foot. Monel wire was availabl e at local Los Angeles suppliers
in 500 to 1 ,000 foot quantities.

Seals and Electrical Outlets

Metal seals have previously been obtained using epoxy and other adhesives.
These conventional seals have limited chemical resistance and are not
considered adequate moisture seals for long time appl i cations. A number
of earlier stress gage applications have experienced large electrical
instability which may have been attributed to chemical corrosion . This
corrosion may have penetrated the transducer through the metal-adhesive-
metal seal. Because of this poor application history and the large variety
of potential prope llant corrosive products , it was recomended that all
seals be metal-to-metal using electron beam welding and that lead wi res be
brought out of the transducer body with glass-to-metal headers.

In order to ensure the long range survivability and dependability of these
embedded stress transducers , both the external seals and internal connections
woul d be metal-to-metal without use of adhesives except for bonding the
semiconductor strain gages.
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APPENDIX B — CELESCO TRANSDUCER COMPENSATION

METHODS AND PROCEDURE S FOR
COMPENSATING SEMICONDUCTOR

• STRAIN GAGE TRANSDUCERS
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SCOPE:

This Is a general presentation of the requirements for compensation of a
silicon strain gage 4 active element bridge. The presentation is made in
3 sections : (1) Development of the bridge relations ; (2) definition of
variables ; and (3) sumary and procedure for compensation.

1. Development of Bridge Relations

+ — 

A 4 
_ _  

+
R (~~1) E 1 E 2 E B (T) V 0

j R 2 R 3 

_ _ _ _ _ _ _ _I

’

Figure B-22l
17702

Static Relations

El, E2

El = Vo (R2/(Rl + R2)~
E2 = Vo [R3/(R3 + R4)J

t~E = (E1—E2 )

Vo fR2/(Rl + R2) — R3/(R3 + R 4 ) J

Balance

SET L~E 0

R1/R2 R3/R4

B—314
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Trivial

- 
R1 = R 2 = R3 R4

Adjust Vo for magnitude of ~E required , since ~Ecx Vo.

Dynamic Relations

Bridge Output

Take the derivative of t~E.

d(AE) = Vo (3AE/oRl)dRl + (~~E/~SR2)dR2 + (~~E/sSR3)dR3 4 (~~E/6R4)dR4

d(~E) = Vo/4 (-dRl/R1) + (dR2/R2 ) + (-dR3/R3) + ~dR4/R4)

Let Ri and R3 be compression gages and R2 and R4 be tension gages and
impose the restriction that Ri R2 ~R3 ~R4.

Then , D(~E) = e(T) = Vo G(T) c(T)

Where dR/R = Gc

Linearity

Gage factor for semiconductor strain gages is parabolic wi th strain.

However, if used in conjugate pairs the nonlinear terms add out at the

suming points (El, E2) of the circuit.

dR / R = Aoc + A2c4

Substituting this relation in the bridge output formula gives

• e(t) = (Vo/4) - (Ao cl + A2 c~) + (Ao c2 + A2 4)
-(Ao c3 + A2 C ) + (Ao + A2

B—315
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Remembering that,

£
~~
, t~ - forces

C2, c4 
= + forces

The even order terms will all be positive while the odd order will take
the sign of the force

e(T) = Vo/4 A o c 1 +A O t2 +A o~~3 +A ~~t4

Define Ao = 6(T) and impose

C 1

e(T) = Vo 6(1) c(T)

The restriction of the strains being equal is realized exactly by using
-

• a constant moment beam, and to a better approximation than error require-
ment on a small rectangular beam .

The bridge output is seen to be directly proportional to the first order
of the strain.

Compensation Requirements

Sensitivity Slope

Rewrite the bridge outpu t so that it is given in terms of bridge voltage
EB(T) .

e( T) = EB(T )G(T ) c (T)

E(T) can be shown to be a constant under particular conditions of design .
The proof Is omitted here In the interest of brevity , since it involves
the characteristics of the stee ls and silicon chosen for the p a r t i c u l a r

design. Suffice to say that this has been done and c (T) will be taken
as a constant. Then , take the derivative of e(T) .

B— 316
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in e(T) = in EB(T) + in G(T) + inC(T)

de(T) /e(T) dEB(T)/ EB(T) + dG(T)/ G(T )

Now set de(T)/e(T) = 0.
• 4

-dEB(T)/EB(T) = dG(T)/G(T).

The requirement is that the negative percentage change of the bridge

vol tage be made equal to the percentage change of gage factor for the

selected gages.

Passive sensitivity compensation for a temperature range M is accomplished

by: (1) Selecting the proper strain gage — steel combination ; then (2a)

for constant voltage by adjusting the bridge impendance temperature

slope with a series resistor or (2b) for constant current by adjusting the

bridge impedance temperature slope with a parallel resistor. This is

equivalent to linearizing the (E + dE) curve in Figure B-222.

Zero Slope
Rewrite the derivative of d(t~E), with the restriction that

Rl~R2~R3~R4 = L
d(~E) = (Vo/~) (-dRi + dR2 - dR3+ dR4)

N
Set d(~E) = 0

(dRi + dR3) = (dR2 + dR4).

Verbally, the requirement s that the sum of the slope of the compression

gages must be equal to the sum of the slopes of the tension gages .

Now , since d(~E) = dE = e(T), then e(T) ~ (-(dRl+dR3) 
= (dR2+dR4)], and

i-f I- (dRl+dR3) I> (dR2 + dR4) e(T) will have a negative slope ; if

I(dR2 + dR4) >I4dRi + dR3)f , e(T) will have a positive slope . Therefore,

j the line E of figure B- 222 can be rotated clockwise to horizontal by decreas-

ing the sum (dR2 + dR4) or counter clockwise to horizontal by decreasing

the sum (dRi + dR3) .
B—317
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This can be accomplished for either Constant voltage or constant current
by adding a resistor in series wi th the bridge arms inside the bridge or
by adding a parallel resistor across (Ri, R3) or (R2, R4) outside the
bridge. See Figure B-223.

Whatever the choice , changing the slope of the bridge by adj usting one
of the elements affects the sensitivity compensation and so an iteration
is necessary to complete calibration of bridge slopes.

Zero Balance

Zero balance is accomplished either by adding a resistor to the bridge
inside the loop to force the function

it Rl/R2 + ~R = R4/R3

(see Figure B-223) or by adjusting the amplifier reference point.

Span is adjusted by changing either lB or EB in a scalar way.

Definition of Variables

Silicon strain gages are completely characterized by their gage factor

and their unstrained resistance. Both variables must be known as a function
of temperature over the region of interest. If this information is available ,
then the gage after attachment to a force collector can be defined analytically.
The resistance R(c , 1) of the attached gage is given by

R(c , T) = R (o , T) + R(o, T) G(T)&t(T) t~T

Where

R(o, T) is the unstrained resistance as a function of temperature .

6(1) Is the gage factor as a function of temperature .

$ B—3 18
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0
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IB OI A Or V O

Adjust with A5 A6 . or A oflset

Temperature, ‘F

Figure B-222 17700

Constint Current

• R 4 R I R z1

~E. e ( t )  

—

A z2

A 3 A 5

A 6

Figure B-223
17701
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&z(T) is the differential of the coefficient of expansion of the steel
and the silicon as a function of temperature.

• 
~T — (1-To) where To Is the attachment temperature of the bonding agent.

Celesco is unique in having accomplished the definition of these functions

for strain gages. It has been found that R(o,T) , 6(T) and R( e, 1) can be
represented by a truncated power series of the temperature over any region

of interest, as ,

R(o , T) AO + AlT + A2T2 + A3T3 + A4T4

G(T ) = BO + BiT + B2T2 + B3T3 + B4T4

• R(s, 1) = CO + Cli + C2T2 + C3T3 + C414

These functions are well behav ed and easily applied to a computer program .

Hence, the solution of

Je(T) = EB(T)~G(T)~c(T), V = k

1e(T) = 1B.RB~GT~c(T), I = k

become practical and simple.

Constant Vol tage

V0 EB(T)I R( tT ~jI 4

Figure B-224
17703

EB(T) = Vo (R( c, T)/R(c, 1) + RS)

Inserting this expression in the constant voltage relation allows error

analysis and the proper selection of components before hardware is made.
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Constant Current

c014STAW1. f I~(~~, T) 
-

Figure B-225 17704
RB (R( c, 1) RS/R(c, 1) + RS)

Inserting this expression In the constant current relation allows error
analysis and component selection for this case.

.
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• ç~~pensation Procedure Flow Diagram

Procedure logic

Enter j
I • •dEB~1~ /EB(T)=dG(T) (G(1)
Set 

~sense II —

slope ]
I — ~ (dR 1 .dR3)-(dR2 .dR 4)

Set
zero I-
slope

_________ 

. 

~1 IA 2 .~ R:R4 IA 3

Set base in amplitude
• Set _ _ _  _ _ _ _ _ _ _

balance 
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1.0 TRANSDUCER STABILITY DATA SUIIIARY - CELESCO P-95 DATA

The P-95 transducer Is a rectangular canti lever , seniconducter stra in
• gage transducer with Integral electronics. The sensor yields 100 uiV for

a SOOp strain load at full-scale pressure. The integral electronics consists
of a DC (28 V) to DC converter and anplifler with a gain of 50. Hence,
output is a DC signal of 0 to 5 V. Temperature range of the P-95 transducer

is —10 to 140°F. All components are 100% screened (purchased to mu specifi-
cations) and each end item Is functional ly tested including a 500-hr burn-in

P 
test to the acceptance test procedure for Celesco Part No. 631093.

Data included in this report are from steps 4.13 through 4.23 of
the data packages of the Functional Test Steps listed below:

Functional Test Steps
Stt ,p number

Examination of products 4.1

Configuration and identification 4.1.1
In-process documentation 4.1.2

Sensor helium leak rate 4.1.3

• Weight 4.1.4
Input to output isolation 4.2

• Insulation Resistance 4.3
Dielectric strength test 4.4
Operating Current Test 4.5
Noise feedback test 4.6
Output noise test 4.7

Output regulation test 4.8
Output impedance test 4.9
Reverse polarity protection test 4.10
Over-voltage protection test 4.11
Over-pressure test 4.12
Static calibration 4.13
Pre-vibrat ion - temperature cycling (2 cycles 4.14

$ 1400F -‘ 10°F)

D—35 1

•
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Functional Test Steps (Continued)
Step Step number

Post-temperature cycling functional tests 4.15
(same as 4.13)

Random vibration 4.16

Post-vibration functional tests (same as 4.13) 4.17
Post-vibration temperature cycling (same as 4.14) 4.18

Pre-temperature functional tests (same as 4.13) 4.19

Temperature and thermal stability tests 4.20

Post—temperature functional tests (same as 4.13) 4.21

Burn-in test 4.22
100 hr at ambi ent
Seven cyc les - 140°F —10°F 1400F

(evenly spaced)
Last 100 hr at 1400F

Post—burn-in functional tests (same as 4.13) 4.23

Test Conditions
Unless otherwise specified all test shall be performed at the room
temperature ambient conditions given below:

• Temperature: 55SF to 95°F
Barometric Pressure : 650 to 810 torr
Re l ative Humidity: 90% or less

Environmenta l Tolerances
a. Temperature (°F) Plus or minus 50F
b. Barometric Pressure (torr) Plus or minus 5%,

900 torr to 1 torr
Plus or minus 10%,
1 torr to torr

c. Relative Humidity Plus or minus 5% of RH

Data sumarles for seven arbitrarily selected transducer numbers are taken

from each of 10 calibratIons spread over a 50-hr period, and a final calibration

D—352
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after 500 hr. Complete data sumaries was restricted to seven transducers
becau se of budgetary constraints . Data are also given for the periodIc

/ health checks at 140°F and —10°F during the 500-hr burn-in test. For the
renam ing transducers, first and last calibration data are presented.

t

This Celesco pressure transducer design diaphragm thickness Is adjusted
to yield 500p at full-scale pressure for each of the pressure ranges. All

metal parts are brazed together at 1,700°F and hardened before gaging to
stabilize the metal~ Al l transducers were ex posed to 1,000 mechanical
strokes and thermal cycling before the static calibration (4.13) was ini-
tiated at zero time.

The total transducer zero shift through the 500-hr burn-in was generally
less than 0.5% of fuliscale and the average for the 51 transducers was 0.19%.
Average transducer shift at full— scale pressure during the 500-hr burn-in
was 0.27%. These shifts in electrical output inc l ude both the contributions

from the transducer and the integral electronics.

All measurements are within the specifications ( 0.75% full—scale
static error) for these P—95 transducers which were developed for the
Lockheed Missiles and Space Company. These transducers represent state-
of-the-art in simiconductor pressure transducers for Celesco Industr ies.

2.0 P-95 DATA SU*IARY FOR SEVEN TRANSDUCERS

Electrical output of seven Celesco P-95 transducers was monitored
during functional testing and are reported In Tables D57 through D-80. Beth
data before and during the burn-in test periods are presented. Ambient
temperature zero shift comparisons are presented between the initial static
test at zero time and after the 500-hr burn-in period. These seven trans-
ducers were well within the *0.75% acceptance limit after the burn-in
period.

t C
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TABLE D-57. FUNCTIONAL TEST DATA FOR TRANSDUCER S/N 250858
T5243

Room Ambient
Functional Test Zero Percent Full—Scale

Test Tempera- (mV) Pressure Output (mY)
Number ture Hours 0 20 40 60 80 100

4.13 Static Ambient 0 —5 1,002 2,007 3,009 4,005 4,998

4.15 Post Temp Ambient 17.5 1 1,008 2,011 3,012 4,007 4,999
cycle

4.17 Post VIb Ambient 19.2 —6 1,001 2,006 3,009 4,005 4,998
functional

4 19 Pre Temp Ambient 37.2 -2 1,006 2,010 3,012 4,008 5,001
function

4.21 Post Temp —10 38.2 —3 1,005 2,012 3,016 4,012 5,006
H functional

- - 140 39.2 —13 996 2,002 3,005 4,002 4,995

4.21 Function Ambient 42.7 —4 1,001 2,006 3,008 4,004 4,998
between
Temp

- - —10 43.2 0 1,006 2,012 3,015 4,011 5,005

- - 140 43.7 -15 994 1,999 3,002 3,998 4,992

4.21 Post Temp Amb ient 48.0 -6 1,001 2,006 3,008 4,004 4,997
function
test

Post Burn-In Test InitIated, 12/17/74

4.23 Post Amb ient 533 0 1,006 2,001 3,013 4,009 5,002
Burn—In
funct ional
test

Deviation 5 4 4 4 4 4
from initial
static test
at 0 hr

Ambient %F.S. 0.1 0.08 0.08 0.08 0.08 0.08
change from
Initial
measurements
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TABLE D- 58.FUNCTIONAL TEST DATA OBTAINED DL~ ING BURN-IN
FOR TRANSDUCER S/N 250858

T5244

• 140°F Ful l-Scale Pressure Output (mV)

Hours 0% 50% 100% 50% 0%

72 —13 2,505 4,997 2,497 -18

120 —12 2,505 4,997 2,497 -19

168 —12 2,505 4,999 2,498 -18

216 —13 2,505 4,997 2,498 —19

264 -12 2,506 4,999 2,498 -18

296 —13 2,505 4,999 2,498 -19

3~
.0 -14 2,506 4,999 2,499 -19

408 -12 2,506 5,000 2,499 — 16

456 —12 2,506 5,000 2,501 —16

480 —14 2,505 5,000 2,499 —18

504 -14 2,506 5,001 2,500 —18

• 528 —14 2,505 5,000 2,499 —18

532 —14 2,505 5,001 2,499 —18

-10°F

F 96 -1 2,522 5,018 2.514 —8

144 —2 2,517 5,009 2,511 —8

192 0 2,518 5,009 2,512 -5

240 0 2,518 5,009 2,511 —5

288 0 2,517 5,007 2,511 —6

384 0 2,517 5,000 2,510 -6

432 —2 2,515 5,007 2,509 —7
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TABLE D- 59. FUNCTIONAL TEST DATA FOR TR ANSDUCER S/N 250857
15245

Ro~ i Ambient
Functional Test Zero Percent Full-Scale
Test Tempera- (mV) Pressure Output (my)

P Number ture Hours 0 20 40 60 80 100

4.13 Static Ambient 0 0 1,006 2,010 3,013 4,010 5,003

4.15 Post Temp Amb ient 17.5 4 1,010 2,015 3,017 4,015 5,008
cycle

4.17 Post Vib Amb ient 19.2 1 1,008 2,014 3,016 4,014 5,007
functional

4.19 Pre Temp Ambient 37.2 2 1,007 2,011 3,013 4,011 5,003
function

4.21 Post Temp —20 38.2 4 1,012 2,019 3,023 4,023 5,017
functional

— - 150 39.2 -23 984 1,991 2,995 3,995 4,990

4.21 Function Ambient 42.7 1 1,007 2,011 3,013 4,011 5,004
between

• Temp

— - —20 43.2 4 1,011 2,018 3,022 4,023 5,017

— — 150 43.7 —24 983 1,990 2,995 3,995 4,991

4.21 Post Temp Ambient 45.0 —1 1,003 2,007 3,008 4,005 4,998
function
test

~~~ Burn-In Test Initiated, 12/17/74

4.23 Post Ambient 502 4 1,011 2,015 3,018 4,015 5,007
Burn—In
functional
test

Deviation 4 5 5 5 5 4
from initial
static test
at 0 hr

Ambient %F.S. 0.08 0.1 0.1 0.1 0.1 0.08
change from
Initial
measurements
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TABLE D- 6Q. FUNCTIONAL TEST DATA OBTAINED DURING BURN-IN
FOR TRANSDUCER S/N 250857

T5246

140°F Full-Sca le Pressure Output (mV)

Hours 0% 50% 100% 50% 0%

70 —25 2,485 4,984 2,482 —2 7

118 —28 2,492 2,989 2,485 —26

166 —22 2,492 4,~90 2,485 —24

214 —22 2,492 2,989 2,486 —25

262 —22 2,4~3 4,992 2,488 -24

310 -21 2,496 4,992 2,488 —23

358 —20 2,498 4,995 2,491 —22

406 —20 2,496 4,992 2,488 -23

430 -21 2,496 4,992 2,490 -23

454 —21 2,494 4,993 2,490 -23

478 —21 2,492 4,994 2,491 -23

• 502 —21 2,492 4,994 2,491 —23

-10°F

94 7 2,520 5,012 2,513 6

142 7 2,419 5,013 2,515 5

190 7 2,518 5,012 2,511 6

238 8 2,518 5,014 2,513 7

286 8 2,520 5,017 2,514 6

334 10 2,520 5,013 2,515 9

382 8 2,517 5,015 2,514 6
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TABLE D- 61. FUNCTIONAL TEST DATA FOR TRANSDUCER S/N 250856
T5247

Room Ambient
Functional Test Zero Percent Full—Scale
Test Tempera- (mV) Pressure Output (my)

- 
Number ture Hours 0 20 40 60 80 100

4.13 Static Ambient 0 —11 1,021 2,028 3,031 4,028 5,021

4.15 Post Temp Ambient 17.5 -11 1,021 2,025 3,028 4,023 5,016
cycle

4.17 Post Vib Ambient 19.2 0 1,010 2,016 3,020 4,016 5,010
functional

4.19 Pre Temp Ambient 37.2 6 1,018 2,023 3,026 4,022 5,016
function

4.21 Post Temp —20 38.2 9 1,025 2,037 3,045 4,046 5,043
functional

— — 150 39.2 20 1,033 2,040 3,045 4,042 5,037

4.21 Function Ambient 42.7 2 1,011 2,017 3,020 4,016 5,010
between
Temp

— — —20 43.2 5 1,015 2,023 3,029 4,027 5,022

— - 140 43.7 21 1,033 2,040 3,045 4,042 5,037

4.21 Post Temp Ambient 48.0 1 1,012 2,018 3,021 4,017 5,011
function
test

Post Burn—In Test Initiated, 12/17/74

4.23 Post Amb ient 533 8 1,018 2,025 3,028 4,025 5,019
Burn—In
functional
test

Deviation —19 —3 -3 —3 —3 —2
from initial
static test
at 0 hr

Ambient %F.S. 0.38 0.06 0.06 0.06 0.06 0.04
change from
initial
measurement

D—358 

•~~~~~~~~~~~~~~ 5~~~-5~~~~_  



- - -- —~~~~~~~~~~~~~~~~~~~~~~~~ - -55- - -~~~~~~ 5—

r *~ 
•

A

TABLE D-62. FUNCTIONAL TEST DATA OBTAINED DURING BURN-IN
FOR TRANSDUCER S/N 250856

T5248

140°F Full-Scale Pressure Output (mV )

Hours 0% 50% 100% 50% 0%

72 23 2,546 5,042 2,537 17

120 25 2,549 5,044 2,540 18

168 24 2,548 5,044 2,539 17

216 24 2,549 5,045 2,540 17

264 25 2,550 5,047 2,540 18

296 25 2,550 5,048 2,541 18

340 24 2,550 5,048 2,542 18

408 25 2,550 5,048 2,542 20

456 25 2,551 5,048 2,545 20

480 24 2,551 5,050 2,543 20

504 24 2,551 5,050 2,543 19

528 24 2,550 5,049 2,543 19

532 23 2,550 5,050 2,543 18

-10°F

96 22 2,555 5,060 2,547 14

144 15 2,543 5,042 2,537 10

192 17 2,544 5,042 2,538 12

240 17 2,543 5,040 2,536 11

288 17 2,544 5,040 2,541 18

384 17 2,545 5,042 2,537 12

432 16 2,543 5,041 2,536 11

—I
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TABLE 0-63 . FUNCTIONAL TEST DATA FOR TRANSDUCER S/N 25083
T5249

Room Ambient
Functional Test Zero Percent Full—Scale
Test Tempera- (mV ) Pressure Output (mV)
Number ture Hours 0 20 40 60 80 100

4.13 Static Ambient 0 3 1,008 2,012 3,010 4,010 4,998

4.15 Post Temp Amb i ent 17.5 8 1,015 2,020 3,022 4,020 5,013
• cycle

4.17 Post Vib Amb ient 19.2 9 1,014 2,019 3,021 4 ,019 5,013
functional

4.19 Pre Temp Ambient 37 .2 11 1,020 2,024 3,026 4,024 5,017
function

4.21 Post Temp -10 38.2 16 1,029 2,040 3,047 4,049 5,047
functional

— — 140 39.2 20 1,027 2,031 3,030 4 ,026 5,019

4.21 Function Am bient 42.7 11 1,019 2,024 3,025 4,023 5,016
P between

Temp

- — —10 43 .2 16 1,02~ 2,039 3,046 4,048 5,045

— - 140 43.7 20 1,026 2,030 3,030 4,026 5,019

4.21 Post Temp Ambient 45.0 10 1,018 2,024 3,025 4,022 5,016
function
test

Post Burn-In Test Initiated , 12/17/74

4.23 Post Amb ient 502 19 1,028 2,034 3,036 4,033 5,026
Burn-In
funct i onal
test

Dev i ation 16 20 22 26 23 28
from Initial
static test
at 0 hr

Amb i ent %F.S. 0.32 0.40 0.44 0.52 0.46 0.56
change from
initial
meas urement
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TABLE D-64. FUNCTIONAL TEST DATA OBTAINED DURING BURN-IN
FOR TRANSDUCER S/N 25083

T5 250

/ 
• 

140°F Full-Scale Pressure Output (mV)

Hours 0% 50% 100% 50% 0%

70 30 2,530 5,020 2,528 27

114 33 2,534 5,019 2,530 28

166 38 2,541 5,026 2,538 35

214 33 2,536 5,021 2,529 31

262 32 2,542 5,026 2,533 28

310 38 2,545 5,026 2,535 33

358 44 2,551 5,032 2,542 40

406 32 2,539 5,020 2,530 29

430 33 2,544 5,029 2,536 29

454 36 2,541 5,020 2,532 34

478 33 2,538 5,025 2,533 32

• 502 34 2,543 5,023 2,534 31

-10°F
94 32 2,558 5,049 2,545 29

142 32 2,548 5,048 2,545 29

190 36 2,555 5,048 2,544 32

238 30 2,533 5,045 2,544 27

286 36 2,557 5,051 2,549 34

334 40 2,560 5,056 2,555 37

382 34 2,554 5,050 2,548 31
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TABLE D 65. FUNCTIONAL TEST DATA FOR TRANSDUCER S/N 250862
T5251

• Room Ambient
Functional Test Zero Percent Full—Sca le

Test Tempera- (my) Pressure Output (mY)
Number ture Hours 0 20 40 60 80 100

4.13 Static Ambient 0 —4 1,000 2,006 3,007 4,007 4,999

4.15 Post Temp Ambient 17.5 3 1,011 2,018 3,021 4,021 5,019
cycle

4.17 Post Vib Amb ient 19.2 4 1,009 2,016 3,020 4,021 5,018
functional

4.19 Pre Temp Ambient 37.2 5 1,015 2,021 3,024- 4,023 5,020
function

4.21 Post Temp —20 38.2 26 1,036 2,044 3,049 4,050 5,048
functional

- - 150 39.2 -5 1,005 2,014 3,020 4,022 5,022

4.21 Function Ambient 42.7 4 1,012 2,019 3,022 4,021 5,019
between
Temp

- - —20 43.2 25 1,036 2,043 3,048 4,048 5,045

- - 150 43.7 —6 1,004 2,013 3,020 4,022 5,023

4.21 Post Temp Ambient 45.0 6 1,015 2,022 3,025 4,024 5,021
function
test

Post Burn-In Test Initiated, 12/17/74

4.23 Post Ambient 502 15 1,024 2,032 3,036 4,035 5,032
H Burn-In

functional
test

Deviation 19 24 26 29 28 33
from initial
static test
at 0 hr

Ambient %F.S. 0.38 0.48 0.52 0.58 0.56 0.66
change from
initial
measurements

D—362
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TABLE D-66 . FUNCTIONAL TEST DATA OBTAINED DURING BURN-IN
FOR TRANSDUCER S/N 250862

T5252

1400F Ful l—Scale Pressure Output (mY)

Hours 0% 50% 100% 50% 0%

70 3 2,526 5,026 2,514 —1

114 7 2,520 5,025 2,516 1

1~6 11 2,528 5,031 2,522 7

214 7 2,524 5,028 2,514 1

262 5 2,528 5,031 2,519 1

310 11 2,531 5,032 2,520 7

358 18 2,538 5,038 2,526 11

406 5 2,525 5,028 2,517 0

430 6 2,531 5,036 2,522 2

454 9 2,526 5,026 2,518 4

478 6 2,526 5,031 2,520 3

• 502 6 2,530 5,031 2,521 4

—10°F

94 42 2,561 5,052 2,548 37

142 41 2,555 5,051 2,548 36

190 47 2,558 5,050 2,546 41

238 40 2,556 5,048 2,545 35

286 47 2,562 5,054 2,554 41

334 51 2,565 5,058 2,556 46

382 46 2,560 5,051 2,551 39
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TABLE D-67. FUNCTIONAL TEST DATA FOR TRANSDUCER S/N 250860
T5253

Room Ambient
Functional Test Zero Percent Full—Scale
Test Tempera- (m V) Pressure Output (mY)
Number ture Hours 0 20 40 60 80 100

4.13 Static Ambient 0 0 1,005 2,010 3,010 4,010 4,998
4.15 Post Temp Ambient 17.5 8 1,016 2,022 3,024 4,023 5,017

cycle

4.17 Post Vib AmbIent 19.2 10 1,015 2,021 3,024 4,022 5,017
• functional

4.19 Pre Temp Ambient 37.2 14 1,022 2,028 3,030 4,028 5,022
function

• 4.21 Post Temp -20 38.2 —1 1,010 2,022 3,029 4,033 5,032
functional

— — 150 39.2 1 1,008 2,013 3,014 4,010 5,003

4.21 Function Ambient 42.7 12 1,021 2,026 3,028 4,026 5,019
between
Temp

— — —20 43.2 —1 1,012 2,022 3,029 4,032 5,031

- - 150 43.7 0 1,007 2,012 3,013 4,010 5,003

4.21 Post Temp Amb ient 45.0 12 1,021 2,027 3,030 4,028 5,022
function
test

Post Burn-In Test Initiated. 12/17/74

4.23 Post Ambient 502 26 1,025 2,041 3,045 5,036
Burn—In
functional -

test

Dev i ation 26 20 31 35 26 24
from Initial
static test
at 0 hr

Ambient %F.S. 0.52 0.40 0.62 0.70 0.52 0.48
change from
initial
measurement
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• TABLE D-68. FUNCTIONAL TEST DATA OBTAINED DURING BURN-IN
FOR TRANSDUCER S/N 250860

T5254

• 1400F Full-Scale Pressure Output (mY)

Hours 0% 50% 100% 50% 0%

. 

70 9 2,520 5,006 2,508 4

114 14 2,515 5,003 2,510 7

166 17 2,522 5,009 2,513 22

• 214 15 2,519 5,006 2,508 9

262 12 2,521 5,015 2,514 7

310 18 2,524 5,012 2,515 14

358 23 2,531 5,018 2,522 20

406 14 2,520 5,008 2,511 9

430 13 2,525 5,015 2,518 9

454 16 2,520 5,007 2,512 13

478 15 2,519 5,010 2,515 10

• 502 15 2,523 5,010 2,515 10

-10°F

H 94 19 2,543 5,041 2,532 13

142 19 2,538 5,040 2,532 14

190 26 2,543 5,041 2,532 19

238 19 2,540 5,038 2,530 16

286 25 2,545 5,044 2,537 21

334 30 2,550 5,048 2,542 25

P 382 26 2,545 5,043 2,536 19

D—365

____________________________________________________________________________ ___________________ 
I

- ~~~~~~• .  ~~~~~~~ . _ •~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ •



T ’~~ ~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE D-69. FUNCTIONAL TEST DATA FOR TRANSDUCER S/N 250859
T5255

Room Ambient
Functional Test Zero Percent Full—Scale

• Test Tempera- (mV ) Pressure Output (mV)
Number ture Hours 0 20 40 60 80 100

h 4.13 Static Ambient 0 5 1,009 2,014 3,014 4,015 5,005

4.15 Post Temp Ambient 17.5 13 1,020 2,025 3,027 4,025 5,019
cycle

4.17 Post Vib Ambient 19.2 15 1,019 2,024 3,026 4,024 5,019
• functional

4.19 Pre Temp Ambient 37.2 19 1,028 2,032 3,034 4,031 5,025
funct ion

4.21 Post Temp .20 38.2 3 1,014 2,023 3,028 4,030 5,027
funct ional

— - 150 39.2 36 1,043 2,046 3,048 4,045 5,039

4.21 Function Ambient 42.7 20 1,027 2,031 3,033 4,031 5,025
between
Temp

- — —20 43.2 2 1,015 2,023 3,028 4,030 5,026

- — 150 43.7 36 1,042 2,046 3,047 4,045 5,039 -

4.21 Post Temp Ambient 45.0 16 1,023 2,028 3,029 4,028 5,022
- 

- function
test

Post Burn-In Test Initiated, 12/17/74

4.23 Post Ambient 502 28 1,036 2,042 3,045 4,043 5,036
Burn- In
functional
test

Deviation 23 27 28 31 28 31
from initial
static test
at 0 hr

Ambient %F.S. 0.46 0.54 0.56 0.62 0.56 0.62
change from
initIal• measurement
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TABLE 0- 70 . FUNCTIONAL TEST DATA OBTAINED DURING BURN-IN
FOR TRANSDUCER S/ N 250859

15256

140°F Ful l-Scale Pressure Output (mV)

• Hours 0% 50% 100% 50% 0%

70 46 2,555 5,045 2,546 43

114 50 2,554 5,045 2,548 46

166 55 2,560 5,051 2,553 54

• 214 51 2,557 5,048 2,548 49

262 50 2,559 5,049 2,553 48

310 55 2,561 5,054 2,554 52

358 61 2,568 5,060 2,560 59

406 54 2,557 5,047 2,552 49

430 52 2,562 5,057 2,557 50

454 54 2,559 5,052 2,552 51

478 53 2,558 5,052 2,555 52

• 
- 502 52 2,560 5,052 2,554 51

—10°F

94 23 2,542 5,039 2,532 21

142 22 2,537 5,037 2,532 21

190 28 2,541 5,039 2,532 25

• 238 22 2,538 5,034 2,531 19

286 28 2,545 5,041 2,539 26

334 33 2,549 5,045 2,543 29

382 27 2,542 5,039 2,537 24
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TABLE 0-71. FIRST AND I.AST CALIBRATION FOR 300 PSIA TRANSDUCER
15257

Room Ambient

Hours 0 20 40 60 80 100

250841

First 0 1 1,008 2,016 3,020 4,020 5,014 7/2/75
Last 502 16 1,023 2,031 3,036 4,036 5,032 8/6/75

250840

First 0 4 1,009 2,015 3,018 4,018 5,014 7/2/75
Last 502 23 1,027 2,033 3,036 4,037 5,034 8/6/72

250839

First 0 —6 1,003 2,009 3,014 4,013 5,010 2/22/75
Last 500 14 1,026 2,034 3,038 4,039 5,034 3/27/75

250838

First 0 0 1,004 2,006 3,004 3,998 4,988 5/13/75
Last 502 7 1,012 2,013 3,010 4,004 4,993 6/26/75

250837

First 0 0 1,003 2,005 3,008 4,010 5,013 2/22/75
Last 502 12 1,018 2,020 3,020 4,023 5,025 3/27/75

250836

First 0 7 1,008 2,014 3,014 4,013 5,009 6/24/75
Last 502 22 1,027 2,034 3,037 4,037 5,032 8/6/75

250835

First 0 —9 999 2,005 3,008 4,008 5,005 7/2/75
Last 502 2 1,009 2,015 3,018 4,019 5,015 8/6/75

250834

First 0 5 1,005 2,011 3,009 4,009 5,003 3/25/75
Last 502 21 1,027 2,033 3,035 4,034 5,028 5/15/75

250833

First 0 3 1,003 2,008 3,010 4,008 4,999 5/13/75
Last 502 4 1,011 2,016 3,018 4,015 5,008 6/16/75
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• TABLE D- 71. (ContInued)

• Room Ambient

Hours 0 20 40 60 80 100

250832

FIrst 0 8 1,013 2,014 3,013 4,007 4,998 2/22/75
Last 500 35 1,041 2,043 3,041 4,036 5,026 3/27 /75

250831 -

First 0 —12 995 2,001 3,005 4,006 5,001 5/15/75
Last 502 -10 998 2,005 3,008 4,009 5,005 6/26/75

250816

First 0 3 1,009 2,012 3,011 4,007 4,998 11/18/74
Last 533 5 1,010 2,014 3,015 4,011 5,002 12/17/74

250817

First 0 —1 1,005 2,009 3,010 4,005 4,996 11/18/74
Last 533 4 1,011 2,015 3,016 4,012 5,002 12/17/74

250818

First 0 7 1,006 2,011 3,013 4,011 5,005 11/18/ 74
Last 553 5 1,014 2,022 3,026 4,027 5,022 12/17/74

250819

First 0 7 1,009 2,019 3,026 3,026 4,025 11/18/74
Last 533 6 1,019 2,029 3,036 4,037 5,035 12/17/74

250820

— First 0 9 1,018 2,024 3,026 4,023 5,016 7/2/75
Las t 502 20 1,029 2,036 3,039 4,038 5,031 8/6/75

250822

First 0 —7 996 2,006 3,007 4,011 5,008 3/25/75
Last 502 0 1,009 2,019 3,025 4,028 5,026 5/15/75

250823

First 0 4 1,009 2,017 3,019 4,019 5,016 6/24/75
Last 502 16 1,026 2,034 3,039 4,039 5,035 8/6/75
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TABLE D- 71.(Continued)

• Room Ambient

Hours 0 20 40 60 80 100

250824

- 
• First 0 —13 995 2,003 3,007 4,009 5,004 2/22/75

Last 500 —g 995 2,005 3,006 4,010 5,005 3/27/75

250825

First 0 —4 1,003 2,011 3,016 4,017 5,010 5/13/75
Last 500 —3 1,007 2,016 3,020 4,020 5,015 6/26/75

250826

First 0 —7 995 1,999 2,999 3,994 4,983 5/13/75
Last 502 1 1,006 2,009 3,009 4,004 4,994 6/26/75

250827

First 0 —8 993 2,001 3,001 4,002 4,997 3/25/75

-• 

Last 502 —5 1,002 2,011 3,015 4,016 5,012 5/15/75

250828

First 0 —3 1,003 2,008 3,011 4,009 5,003 2/22/75
Last 500 3 1,005 2,013 3,012 4,015 5,007 3/27/75

250829

First 0 11 1,014 2,022 3,020 4,021 5,015 3/25/75
Last 502 22 1,030 2,038 3,042 4,041 5,035 5/15/75

S
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TABLE 0-72. FIRST AND LAST CALIBRATION FOR 400 PSIA TRANSDUCER
T5258

Room Ambient
S

Hours 0 20 40 60 80 100

250842

First 0 —4 1,006 2,013 3,017 4,018 5,014 11/18/74
Last 532 —4 1,005 2,013 3,019 4,020 5,017 12/17/74

250843
P First 0 —6 1,001 2,006 3,008 4,005 4,996 12/6/74

Last 504 14 1,022 2,028 3,031 4,029 5,021 1/31/75

• 250844

First 0 —6 998 2,006 3,013 4,016 5,013 12/6/74
Last 504 8 1,012 2,021 3,029 4,033 5,032 1/31/75

250845

First 0 —2 1,003 2,009 3,012 3,010 5,002 12/6/74
Last 504 3 1,011 2,018 3,022 4,022 5,015 1/31/75

250846

First 0 4 1,009 2,013 3,011 4,007 4,995 2/22/75
Last 500 33 1,038 2,041 3,040 4,035 5,023 3/27/75

250847

First 0 —7 1,003 2,010 3,014 4,015 5,010 5/13/75
Last 502 5 1,010 2,013 3,011 4,005 4,992 6/26/75

250848

First 0 12 1,012 2,015 3,019 4,013 4,999 6/24/75
Last 502 26 1,032 2,036 3,037 4,020 5,025 8/6/75

250849

First 0 —9 1,002 2,011 3,016 4,018 5,014 7/2/75
P Last 502 —4 1,005 2,014 3,019 4,008 5,020 8/6/75

250851

First 0 —3 1,003 2,007 3,008 4,005 4,996 5/13/75
Last 502 9 1,017 2,022 3,022 4,020 5,009 6/26/75
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TABLE 0-72 (Continued)

Room Ambient

Hours 0 20 40 60 80 100

250850

First 0 —7 999 2,006 3,009 4,008 5,000 2/22/75
Last 500 18 1,028 2,035 3,038 4,038 5,030 3/27/75

250853

First 0 5 1,005 2,010 3,015 4,011 4,999 6/24/75
Last 502 23 1,030 2,036 3,038 4,023 5,031 8/6/75

250854

First 0 13 1,020 2,025 3,026 4,023 5,015 5/13/75
Last 500 33 1,040 2,044 3,044 4,040 5,031 6/26/75

250853

First 0 -12 993 1,995 2,993 2,987 4,978 5/13/75
Last 500 —10 997 1,997 2,995 3,990 4,980 6/26/75

S
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TABLE D- 73. FIRST AND LAST CALIBRATION FOR 600 PSIA TRANSDUCER
T5259

Room Ambient

• Hours 0 20 40 60 80 100

250865

- 
First 0 —10 1,000 2,009 3,016 4,019 5,017 7/2/75
Last 502 —3 1,009 2 ,016 3,018 4,016 5,005 8/6/75

250866

First 0 0 1,009 2,009 3,012 4,001 4,991 2/13/75
- 

• Last 504 20 1,026 2,031 3,032 4,025 5,015 1/31/75

250867

First 0 3 1,008 2,012 3,013 4,009 4,997 2/22/75
Last 500 18 1,017 2,029 3,030 4,020 5,009 3/ 27 /75

250868

First 0 —20 995 2,000 3,005 4,008 4,997 3/25/75
Last 502 —11 1,002 2,011 3,019 4,017 5,013 5/15/75

- 

• 

250869 
-

- 

• 
First 0 —2 1,006 2,013 3,018 4,020 5,017 7/2/75

. Last 502 0 1,010 2,013 3,015 4,010 5,001 8/6/75

250870

First 0 —2 1,008 2,016 3,022 4,024 5,021 7/2/75
• 

- 
Last 502 13 1,026 2,030 3,033 4,029 5,020 8/6/75

250871

First 0 0 1,008 2,013 3,014 4,010 4,998 2/22/75
Last 500 27 1,029 2,043 3,046 4,036 5,024 3/27/75
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TABLE D- 74. FIRST MD LAST CALIBRATION FOR 3,000 PSIA TRANSDUCER
15260

~~~~~ Ambient

Hours 0 20 40 60 80 100

250808

First 0 0 1,003 2,005 3,005 3,999 4,998 12/6/74
Last 504 12 1,016 2,020 3,019 4,014 5,009 1/31/75

250809

First 0 —4 998 2,003 3,002 4,001 4,996 12/6/74
Last 504 14 1,015 2,023 3,021 4,019 5,011 1/31/75

250810

First 0 —5 1,000 2,002 2,999 3,991 4,985 12/6/74
Last 505 21 1,026 2,031 3,023 4,018 5,010 1/31/75

250812

First 0 —17 992 1,997 2,998 3,097 4,990 5/15/75
Last 503 5 1,015 2,012 3,007 4,000 4,992 6/26/75

250813

First 0 6 997 1,992 2,993 3,996 4,996 3/25/75
Last 502 17 1,014 2,009 3,010 4,014 5,015 5/15/75

250814

First 0 —12 984 1,983 2,986 3,992 4,995 7/3/75
Last 502 3 999 1,997 3,002 4,008 5,008 8/6/75

First 0 —1 1,001 2,005 3,006 4,006 4,998 3/25/75
Last 500 9 1,016 2,019 3,021 4,019 5,014 5/15/75

e
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TABLE D-75. PERCENTAGE FULL-SCALE ZERO SHIFT T)EUGH BURN-IN
AT 0 PRESSURE

T5261

Design Range 300 psia 400 psla 600 psla 3,000 psia

1 0.30 0 0.14 0.24
2 0.38 0.40 0.40 0.36
3 0.40 0.28 0.30 0.52
4 0.14 0.10 0.18 0.44
5 0.24 0.58 0.04 0.46

6 0.30 0.24 0.30 0.30
7 0.22 0.28 0.52 0.20
8 0.34 0.10
9 0.14 0.24
10 0.54 0.50

11 0.04 0.36
12 0.04 0.40
13 0.10 0.04
14 0.10
15 —0.02

16 0.22
17 0.14
18 0.24
19 0.08
20 -0.02

21 0.16
22 0.06
23 0.12
24 0.22

Average 0.190
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TABLE D-76. PERCENTAGE FULL-SCALE SHIFT 1WOUGH BURN-IN
AT 20% FULL-SC ALE PRESSURE

15262

Design Range 300 psla 400 psla 600 psia 3,000 psia

1 0.30 —0.02 0.18 0.26
2 0.36 0.42 0.34 0.34
3 0.46 0.28 0.18 0.52
4 0.16 0.16 0.14 0.46
5 0.30 058 0.08 0.34

6 0.38 0.14 0.32 0.30
7 0.20 0.40 0.42 0.30
8 0.44 0.06
9 0.16 0.38

10 0.56 0.58

11 0.06 0.50
12 0.02 0.40
13 0.14 0.08
14 0.16
15 0.20

16 0.22
17 0.26
18 0.34
19 0
20 0.08

21 0.22
22 0.18
23 0.04
24 0.32

Average 0.232

I
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TABLE D- 77. PERCENTAGE FULL-SCALE SHIFT TI~ OUGH BURN-IN
AT 40% FULL-SCALE PRESSURE

15263

Design Range 300 psia 400 psia 600 psia 3,000 psia

1 0.30 0 0.14 0.30
2 0.36 0.44 0.44 0.40
3 0.46 0.30 0.34 0.58
4 0.14 0.18 0.22 0.30
5 0.30 0.56 0 0.34

6 0.40 0.06 0.28 0.34
7 0.30 0.42 0.40 0.28
8 0.44 0.06
9 0.16 0.30

10 0.58 0.58

11 0.08 0.52
12 0.04 0.38
13 0.12 0.04
14 0.22
15 0.20

16 0.24
17 0.26
18 0.34
19 0.04
20 0.10

21 0.20
22 0.20
23 0.10
24 0.32

Average 0.246
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TABLE 0-78. PERCENTAGE FULL-SCALE SHIFT T}POUGH BURN-IN
AT 60% FULL-SCALE PRESSURE

T5264

Design Range 300 psia 400 psla 600 psla 3,000 psia

1 0.32 0.04 0.04 0.28
2 0.36 0.46 0.40 0.38
3 0.48 0.32 0.34 0.48
4 0.12 0.20 0.28 0.18

H 5 0.28 0.58 —0.06 0.34

6 0.46 —0.06 0.22 0.32
7 0.20 0.36 0.64 0.30
8 0.52 0.06
9 0.16 0.28
10 0.56 0.58

11 0.06 0.46
12 0.08 0.36
13 0.12 0.04
14 0.26
15 0.20

16 0.36
17 0.36
18 0.40
19 -0.02
20 0.08

21 0.20
22 0.28
23 0.02
24 0.44

Average 0.2641
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TABLE D- 79. PERCENTAGE FULL-SCALE SHIFT 1WOUGH BURN-IN
AT 80% FULL-SCALE PRESSURE

— 15265

Design Range 300 psia 400 psla 600 psla 3,000 psia

1 0.32 0.02 0.06 0.30
2 0.38 0.48 0.48 0.36
3 0.52 0.34 0.22 0.58

• 4 0.12 0.24 0.18 0.06
5 0.26 —0.20 —0.20 0.36

6 0.54 0.14 0.10 0.32
7 0.14 —0.20 0.52 0.26
8 0.50 0.30
9 0.14 0.60
10 0.58 0.26

11 0.06 0.34
12 0.08 0.06
13 0.14 0.48
14 0.32
15 0.22

16 0.30
17 0.38
18 0.40
19 0.02
20 0.06

• 21 0.20
22 0.28
23 0.12
24 0.40

Average 0.270

I
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TABLE 0- 80. PERCENTAGE FULL-SCALE SHIFT 1WOUGH BURN-IN
FULL-SCALE PRESSURE

T5266

Design Range 300 psla 400 psia 600 psia 3,000 psia

• 1 0.08 0.06 —0.22 0.22
2 0.12 0.50 0.48 0.30
3 0.34 0.38 0.24 0.50
4 0.20 0.26 0.32 0.04
5 0.30 0.56 —0.32 0.38

6 0.32 -0.36 -0.02 0.26
H 7 0.38 0.52 0.52 0.32

8 0.02 0.12
9 0.10 0.26
10 0.22 0.60

11 0.30 0.62
12 0.08 0.32
13 0.40 0.04
14 0.36
15 0.40

• 16 0.48
H 17 0.10• 18 0.24

19 0.46
20 0.20

21 0.18
22 0.56
23 0.08

Average 0.2675

51 TOTAL UNITS

I
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• APPENDIX E

• COMPAR ISON OF 17-4 PH AND 15-5 PH S7AINLESS STEEL PROPERTIES

PRECIPITATION HARDENABLE STAINLESS STEEL

Selection of the stainless steel for the transducer body was partially
made using information provided by Republic Steel Corporation. This information
is printed here through permission granted by Republic Steel provided in the
letter appearing on the following page.

I
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ns—Ic ~ Republic Steel Corporations Lee Gensra l OftIcu: RipubI$c
Market Communications and AcF4€ rt is rc
P0 Box 67 78
Cleveland OH 44 101

• Tel 2 16/574 •7 100

IT Young Mr. R. E. Thompson April 17 , 1979
• Ma,ket Con rnunca ?o ns Research Engineer

and Adv~ ri ,~~nq Chemical Systems Division
• HTS Heckman P0 Box 358
• CreaI ve Se,.~.es Sunnyvale CA 94088

SM Gates
Aq~ ,sIa nt MInager

Dear Mr. Thompson :

This is to acknowledge receipt  of your l e t t e r
of April 11 concerning your wr iting of a
technical report to the Air Force Rocket
Propulsion Laboratory at Edwards , California.
You further state in your letter you would
like to include in the course of your report
a Republic Steel product bulletin on the
comparison of 17-4 and 15-5 PH stainless steel.

You may use this letter as your author ity to
include the bulletin in your report providing
the credi t line “Courtesy of Republic Steel
Corporation” is also included to designate

• the source of the bulletin, or any informa tion
contained therein.

Thank you for this opportunity to be of service.
For our records , we would apprecia te receiving
a copy of your repor t when issued , if possible.

Very tr,uly ,

~~~~~~~~ - -/.

W. R . Bloom , Jr.
Account Executive
Maiket Communications and
Advertising

WR B / smm

I
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A1~ AND GOVERNMENT SPECIFICATIONS

Grade Specification Comodity

15-5 P11 A~~ 5658 Bar—Bille t

A1~ 5659 Vor Melt Bar - Billet
17-4 PH AMS 5643 

- 
Bar-Billet

A1’fS 5604 Plate-Sheet-Strip
)~LC2 4l1l Bar-Billet

P~ L-S -81506 Plate-Sheet -~trLp
ASTN-A -461-65-CR.630 Bar-Billet

C

p

S
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l’reripitai i..~ I lis r.kning a.. ii mciii- an ,,rrmfti rated adIJ- iwluüun iunth. beat n,evlsani.oe, in th at uniform
nil of iiwrea .ing the haralui .w. ant i tion. harilenior ii achieved withou t .j tha
.trengih of a mctnL :~IIhuug Ii .ume —

iriatium are ~~~~~~~ with rpeciiie 
The third step m erely involves th e  rr.iuirr..ae.it of cold working . or

• a : , pee, generally it is aitu.upliJicd reheating of ilur su lier..iu tur ate,l ,net- the neresoty or icabiag w it hi th e

I,) a tu rn step un i t  tr t Ju,nent ,,,
~~
. 

al to some relativet, loll tj,~e 
jwotikiiis of .li..to~iion said heavy

w.t ing of: tem perature , such a, 900 F, fur arahsiag t h.at are assoriatc ,l w it h the
pci-lisps one h our. liii.. reh eating t rani,for..iaiii ,ia hardening.

1. ~ul.atiiiu i rcaimn,ot effects a unifurni %l.ll-SflS4 riMiCflpiC Ilae aging ti$npcratiire anti tune
2. Ra1.iil ( .uoling praa ipitasiin of the ..i.eri iI element, determine t ue •lcgr.e of aging or
3 Eontrulkd Reheating (or compound.. of these element.) • ~~~~~~~ tha t takes i.iace by in-

The knit .t~~ •.f precipitation throughout the st ruett ,re of t iw fl~wm ing t he .ize aiiil dir.tributjon

har.lening inviik ea heating ~ 
metal. This “ keys” us c st ructure of the .ub-.nicro.copic precipitate.

ole. .ipceiall~ ailded ekiaient , (or ~~ ~~ubuui~g the abili ty of one If, fur e~amj.k . a tem peratur e som e-

vumniiouiwl.) w lii, l, are uorssu.Il y in- plane of atoms to slip over another wha t above t h e  specihici l ag ing tern

,...Iulil e at roosmi temperature. TI... plaisc of atoms. ther eby iuirdcning perotu re fur a specific alloy were

meta l iwat ing operation is referred and stre ngt hening the m etal. Prc- 111411, t h,c.e m,b-mwro.copic parti-

hi as solution treat ing (or solution ctp uuawn hwmkning ha~ occur—ti des wou ld agg lomer ate m d  grow.

annealing, or j u t  anneal ing) and Actuall y, there arc ii 
• woul d ‘

~uukey ” the hanilened
wee pnnei str ucture and the nietal would be-

might be compare d with the ability
of h ot  water to solve ~~~~ ~~k 

pal mechanisms of h ardening a come softer. l’bi~ reaction is called
tneum l: work hardening. tran. for- oerr4aging and could hi employed

th an can culd water. • matmon hardening its in regular steel, to soften sloe1, a h ardened nictial if
The second step involves cooling ant i precipitation l~ardsrnsng. Pm. desired. For thi. same reason, pee.

t he metal faat enough to auure re cipitat ion hardening is most simila r cipilauun hardened m etal, are ad-
temition of the solution effect at to work hardening because, general. tiow employed where service tern-
room tetu peratore. Air cooling or ly. no transformation need be in- peratures wouhsi c~crc,l the pee.
oil quenching muutshl y provides ade- volved. Where applicable, there. eipitation lsardenuig (aging) tern-

quate cooling ratas to achieve this fore, precipitation hardening i the perature.
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Republic 17-4 PH aid iS-S Phi be hardened by low tem perature melted qu alit y, is a later develop-

are special d,romium—nichs el—COP heat treatment. ment a1iny thist offer. all the ad-

per ahloystainleasgradest1matachie~~ 
Republic 17-4 P11, alt hough vantazes of 17.4 I’ll pins e’~cehIcnt

their strength and hardneus. thro ugh available also a. vacu um are re- ~~ nevers e tou~hincss aol  very goóJ

acombinai onol a marte it ’1Ctrar* melted quality. is generally sold u forgeabihsty . (Th e ehem,-trv of i(~~

formation and precipitation harden- an air melted product and has be- public I 5-5 I’ll pr,ct irahl v ehmj

ing. Relatively high percentages of come one of the most widely used naleim a second ary stru&*urimI risase

chremisen and nickel give them ex~ of all the standard P11 stainless called delta lenite which results an

cellent corrosion resistance—in most grades—eapcciahly w here longitudi- improved hot workability.) .~ acuum

applications and media, comparable nal strength is required in ordinary remeltang enhmancra ductility and

to that of Types 302 and 304. Close section siaeiri. tositt isnesa_and assures helter

control of the coespesition snl the jlcpublie 15-S PIT. produ ced and ~~ mi(y of properties thruugbout

• addition of copper permit them to marketed unly as vacuem arc re heavy auctions.
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Available Condition s

• These grades art .onsally sup. the mill in the OVERAGED condi. TION H 1075 or CONDITION
p lied is thie SOLUTION J1I ~A7’ tics to eliminate the possibility of H 1150 No further beat treatment
TM L~.4 TEl) condition (Condition A) cracking open rap id heating. After of parts is requireaL
u here tim e fabrication calls for ma- hot work. paris are heat treated by Where optimum machinability is

• ehining. we lding or minor ~~ J ~~~~ 
using steps 1, 2. and 3 as outlined needed, heat treated CONDITION

ing operations ~~~~~~~~ 
on page 6. - Ii 1150M may be ordered froam the

forming step 3 (aging) as outlined When the fabrication requires mill. Although this heat treatment
on page 6. (Part.. mshnuld not be nominal cold forming and developed produces typical mechanical prop-
pus into service in Condition A.) st~’nuiguht, hlepnbhic 174 PH and cities slightly lower than Condition

iS-S P11 can be furnished by the H 1150. higher properties can be
If the fabrication requires (org. mill in one of the more ductile developed by additional heat treat-

ing, these grades are supplied by hardenedconditionssucbaa CONDl- ment after machining.

TYH CI~L (~ PL !C~~~i.~~ CHEM!ST~Y OF REPUBLIC
17-4 PH AND 15-5 PH

ll~ill Ikarma.p
Butts 174 P11 75-5 PH
~l mtor ~‘~5l.! it .
f.ear,. (1’ernent)

I; Carbon 0.07 Ma,~. 0.07 Ma.~.
h,s—trs,,,u, ns l’irI talangane..e L00 Islax. L00 Max.
\lj,s.Iri-l. Phsosiihiorouu 0.04 Nla~. 0.04 Max.
I II..,. Sulph u r  0.03 ‘.(a’~. 003 Max.
Pi—tois ‘.1 in~ h:~1i~,u,I,-r. Sihico~ 1.0!) ‘tia~ L00 Max.

I’r.qiell.~r Sl.~It- Nitrogen 0.015 Max. 0.015 Max.
I’umrn j !;ear~ 

Claronsiuut 15.50 -—17.50 1 L00 —15.50
‘Fssrbiiw V.,hc,. Nickel 1.00 — 5.00 3.30 — 5.50
% ~u~-1- ~~~~~ 

Cohuamlds iui , plua
Tantalum 0.15 — 0.45 0.15 — 0.45

Roller Chmaism h~imM Copper 3.00 — 5.00 2.50 — 4.50

I
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• Description of Standard If e~t 7~
- aia:an~s

for Repthlic 17-4 P u m d  15-6 N

• There are lIve stan dard heat treat- creases, the developed strength level
• means which are coded as : Condition declines but the ductility and the tough-

H 900, Condition 11 925, ConditiOn ness improve. For e~smple, Condition
11 1025, Condition 11 1075, amid Can- H S~~ exhibits 200,000 psi ultimate
dision 111150. The numbers 900, 925, tensile strength, 50% reduction.of-arca
1025, 1075. 1150 indicate the aging or and 20 ft. lbs. impact strength. Con.
precipitation hardening tem perature dükm 11 1075 develop. 165.000 psi.
employed. As this temperature in- 60% reductioa,.o(.arca and 40 ft. ~as.

Treatment SCtIS~~~ fl

The custo m er normall y orders 17-4 The purposes a1 this step are:
P14 and IS-S PIT to be supp lied by t he

. - ,, (1) to a~~temuze the steel so thai highmull in th us condition ( Condition Ar~r ’ ~s ~.i . I . . ,, , strength martensite isdevehoped onC.. I .1. or Solution Heat Frcatcd ) ~~hieo
Solution treat at 19000 the customer ’s app lication requires cooung.

*25’ F forg ing. this grade should be supplied (2) disiioh e copper, thereby conditmn-
in the averaged condition. Subsequent ing she steel for subse quent age
to forg ing, the customer performs this hardening or preci pitation harden.
step as part of the heat treating cycle , u s1.

Cooling to below 80’ P is required to perature of nea~- 90’ F is attain ed.
insure fu ll transformation to marten- , - -TIme cooling to belu~ 80 F is accom-STEP No. 2 site. This is a cntical requam rcmncnt for

Coo l to below 10’ F th is alloy because, altlioughi t he Ira n..- 1ihshed by air cooling to room tempera .
formation to martens ite sta r ts iii about tu,rc, then i f necessar) , quenching into
4000 1’, it is not f inis hed unti l a tern- cold water.

STEP No. 3
—Cond. H 900—Heat to
900° F, hold 1 hr., air cool Xornsaily, t1s~ ned is fabricatd prior ness of the msr-tensite which formed

9~~~~~h l d h 
to

1 
g~ this ~~p. during Step No. 1. However , as tbe

,, o is., air c A ge harukuuin; or preci pitat ion hard- aging temperature increases , ‘over-• 
~~~~ h I d h l ening (due to the prct’ipitatinn of cop- aging” occurs , t hereby progr essively

per) occurs dunng th is step which fur. lowering the strength hut improving the

• 1079’ F. hold 4 hrs~ air cool. thicr increases the strength and hard- du ctility of t he heat treated product

—Cond. H 1100—Heat to
1100° F, hold 4 his., air cool.
—Cond. H 1150—Heat to
1150 F, hold 4 his., air cool.

I

I ,
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ROOM TEMPERATURE MECHANICAL P*OP~RTIES -

(Acceptable for Material Sp.dficatlons)
REPUBLIC 17.4 PH AND 15-5 PH

Rour.ds, Hexagons and Squares (Condition A) Sheet and Strip (Condition A)
~~~
‘ and Smaller 175,000 psi max. ultimate tensile Up so 0.187’ Thick RC 38 max.

Over 
~~~
‘ to 

~~~
‘ RC 38 max- Plate and Flats (Condition A)

Over )4’ to 3’ ).%HN 341 max. 0.1875’ t o3 ’ Thick HHN 341 max.
Over 3’ huN 363 max. Over 3’ Thick BHN 363 max.

in TaLks I and H are listed cepted. This does not mean, how- tuares shown. Information regard-
vuechamesi propert ies for the van- ever, tha t customers are limited to ing larger section sizes is avaiLibk
otis aging treatments w h ich should these temperatures. For their own upon request.
be considered lot specification re- particular uSe, it may be deuiralde
quiremnenss and which can he ac• so var y slightl y Irons t his tempera -

TABLE I
MINIMUM PROPERTIES

Longitudinal Direction -. Intermediate Location
1k-public 174 P11 Up to 8’ section
Republic 15-S PH Up to 12’ section

Condition H 900 11 925 H 1025 111075 B 1100 H 1150 H 1150-M

Ultimate Tensile Strength - psi 190,000 170.000 155.000 145,000 140,000 135,000 115,000
02% Yield Strength . psi 170,000 155.000 145,000 125,000 115.000 105.000 75,000
Elongation, % in 2’ or 4 z D 10.0(1) 10.0(1) 12.0(1) 13 0(1) 14.0(2) 16 0(2) 18.0(2)
Reduction of Area - % 35.0 38.0 45.0 45.0 45.0 50.0 55.0
Bnnell 388/448 375/438 331/401 302/375 311/364 277/352 255/293
Rockwell C 40/47 C 38/45 C 35/42 C 31/39 C 32/38 C 28/3~ C 24/30
Impact. Charpy V-Notch, It-lbs 5 15 20 25 30 55

~%Iin4muos i~.q..ius ,.rop. ’nir . cvHnnt br .terpt. ’..’ in t4is rwj,m i-,.t.

(1) Ic: .5.. et • .i,,~ (uaoJ .-r i37 ii, ic¼) iui.,inu i~u cisso ~,siio ~. s, S%.
• (2) For ~5’—, m F :.. (u ntie. .1ó7 thick )  ,,,h,ir,e..n ,-!,fl ,~ ,t infl is 8%.

• TI~~L’Z II
~~‘E.1!TL S

Trar.svorss.’ Liirec~ion (1)
Ik).’.i.hic b—S PhI ( p to 2’ sectit,n

Condition Li 900 II 025 11 1025 11 )075 11 1100 11 1150 U 1150.M

• L’hiuuiale Tensile Strength - psi 190,000 J 0 .000 155.04)0 145,000 140.000 135.000 115,000
0.2% Vield Ssrt-n;thi . psi 170,000 155,000 115,000 112,000 115,000 105,000 75,000
Elongation. % in 2’ or 1 x D 6.0 7.0 8.0 9.0 10.0 11.0 14.0

• Reduction of Area - % 15.0 20.0 27.0 28.0 29.0 30.0 35.0
Drinchl 388/418 375/138 331/401 302/375 311/364 277/352 255/293
Rockwell C 40/47 C 30/45 C 35/42 C 31/39 C 32/38 C 28/37 C 24/30
IfliliiiCI. Charpy V.~ oseIi. ft-lbsi

lntc rmiied iat r h s,cz.iin n ‘ to IS iS 20 35
%liaumlp,, .,..arf ,ti..p. vt .i runn.d ~~

. .n.i.ps...I ,n itS. ~~~~~~~
(I) ~Ip .n,.v.i.e m. .h.u,,,,’j I 1.r.1w-fti.- . a,.- .,..I gu.arsnI ~~i~ •Wu 0r~.fr I .  I I’ll usa). .... •wJ. rrd . V ~.t& .1.,aIii~ .

*
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TYPICAL ROOM TEMPERATURE LOUGITUDINAL
M CHIINICAL PRC)PERTIES OF REPUULIC 17-4 PH APID 15-5 PH

• C.,mdiis.u CoiuIitss~ CSmJISIU. Conulitise Cendis... C disise Cse.huis. C.ndit.ous
Pr,pset~ A 51 900 1192$ SI 5025 1( 3075 H 3500 U list) U 11.0.M

Ulti mate TensiLe Strength , psi • . . ..~~ 150.(XK) 200,000 190,000 170.000 165,000 150.000 145,000 125.000
‘t ield (0.2’~ ) strengths, psi

Tension 110.000 185,000 175,000 165.000 150,000 135.000 125,000 83,000
Elongation in 2’, ~ 10 14 14 15 16 17 19 22
Heduction in .4rea,% 45 50 54 56 58 58 60 68
Harshiesa

Rockwell C — 44 42 38 36 34 33 27
Brine)) 332 420 409 332 341 332 311 277

• impact Strength
Cbarp~ ‘t .Notcb . ft. lisa — 20 25 35 40 45 50 100

Fatigue Strength. psi
10 x 10’ C~CIe* — 90.000 85.000 — 80,000 — 73,000 —

100 x 10’ Cycles — 80,000 — — — — j — —
Torsiona l tit imat , ~irength. psi — — — — — — 125,000 —

Tot,ionsl rlsst ic Limit. psi — — — — — — 52.000 —

TYPICAL ~OOW~ TE~ F~RATW~Z T~A S V ~~~E
r~Ec!~I~!’:!cAL p~ ~~~~ o~ fl~F’L~2LiC i~.s ri-i

Condit ios Canditiom Conilij ios Condition C.smlit.o. Cosditioe Condition Condition
Pvspsn~ A 11900 H 92$ II 502 5 -_ii 1u75 H 1)00 11 l IStS H IISQ.M

Ult imate reosde ttrengthi. p.s 130.000 200.000 190.000 170.000 16..0uU 150.00(1 j145.000 125,00(1
i ield (02%) Strength, psi

Tension 1)0.000 185.000 175,000 163,000 150,000 135.000 125.000 85.000
Elongat ion in 2’.% 10 10 ii 12 13 14 15 18
Reduction in Area, % 45 30 33 42 43 44 45 50
Hsitlness

Rockwell C — 44 42 38 36 34 33 27
Brine)) 332 420 409 352 341 332 311 277

• impact Strength
Charpy V.Noseb, ft. lb..’ — 8 12 25 25 25 45

• Fatigue Strength, psi
10 a 10’ Cycles — 90,000 85,000 — 80,000 — 75,000 —
100 a 10 Cycles — 80,000 — — — — — —

Torsi onal Ultimate Ssren~th. psi — — — 125.000 —
Torsional Elastic Limit, psi — — — — — — 52,000 —

‘NsesI as. rses~~se — 1as,,msthst. ~~~~~~~~~

I

I .
E—388 -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-

~~

-

~~~~~ TT~~TTT •~IiT~~ ~~~~~~~~~~~~~~~~~~~ 
— —  

____

TYPICA L ELEVATED TEMPERATURE LONGITUDINAL
MECHANICAL PROPERTIES OF REPUBLIC 17-4 PH AND 15-5 PH

STRESS-RUPTURE PROPE~ IIES
In Conditions H 300 and H 3075

h,pui& sl
5,51*5 to Tosipsesimo
RLpvvss isi 625 1 700’ F 000 F
100 ms H 900 111075 0 900 0 5075 0 900 0 1075 £

Stres.. psi 162,000 137.000 136,000 1 126.OOiJ 140.000 108,000
Elongation.

~ in. 3.0 3.5 3.0 
— 

4.0 4.0 6.0
• Reduct ion

of area. 7.0 144 7.0 15.5 8.0 160
Republic 174 P11 and 15.5 PH

yt~~I .n retain * high proportion of their

“tre ~.. psi 157.000’ 134,000 130.000 53,000 128.000 103.000 90O• KT ;p or~ u~ e p~~~~.Elongation, psi - - tics are shown on Page 10. For ser~•
‘~ s m  2.0 3.0 2.0 3.5 4.0 ~~ - ice leinpcraturss inexcesa of 600 F.,
1(edu~ti 

6.0 14.0 6.0 
______ 

6.0 15.0

Eairspolssed from 600 to 91R F data.

CREEP STRENGTH
In Condition H 900

Siagas, p.,. en. Tompnstsarr
~~ur Salt or 600~ F 700 F 600’ F 900’ F

0.1% in 1000 hr.. 135.000 105.000 60.i)OO 23,000
0.01% in 1000 hrs. 123,000 100.000 43,000 —

LOW TEMPER$.TU~ E p~~pzrn t~s Comparison of La’:s Temperatuve Impact
• OF RCPLJ~ LIC 17.4 PH AND 15-5 PH Strengths of 17-4 P1 in Various Conditions

- - . Impact St,en6tb. ft..Ib..
• Bep~bIic 17.4 Ii i ant i 15-.~ III maintain Tnt Ccndltion

durtilir~ si t lo,v t ’,m1si-r..t ure’. N’, ~rncral -talem ent Truu,~.-rssiuare, H 925 11 102$ 111150 H l150-M
can Sic n.~,s).- ri-rarding 1.r .fe rrt ” i heat tr .’at ,nt-nl ,. fo r I)e~r.rs I ‘

lust leinpe~auIIre £ipphivalit.IIa I~.:ej ts~v His .. Is •lejsesuls .3 30 75 95 103 93
on k~igu rt.qilirern.-ut~. ftl .st.es~ r. Ike Infl..ssiiig ii. ~ 10 16 58 93 j —

Ieiii ~..~ratisrC limit s are .u1’~e- tc,b — 40 9 41) 76 — 75
. . . . . —110 5.5 13 48 — 65

II 90V If IoIIghisn.ass s,. at •l.~,.t’~ti CTi t .-tsflI% , t h is r—~— I —— — — — 3~he~it treatn ieist •lrn.sI,I hi~ 5i’-VlI it III 250 — — — — 18
rauliuti, reg.us1 .-” .J tr.si.js. i~s itu?c. • 4. 5 6.3 28 5

11 925 Dustn 000 I’ I.,, ~..nvra l u’.e. l’sw nun. ‘Tn.i ss ss,1sIr. from 1 Ho.insI Itar—LengiinJinal Direction
impart app iiu-~ s s..~i.. satcisi l ~zt Isniper.— ‘ l~est ~ mj.I. ..a fum., •$~ I3...sn,l IIms.—Lsa_~iisidiaaI Dirsctioo
tures 5i~ Ins, a. — :t2o° F ~IuIT r%.itss Pk. Typical Mechanical Properties of 17-4 PH
w aIve seat,.). at Low Tcmperatures

11 1330 l)ustn to —110’ F’. Dv-i~si ‘siiI,e~,iiiu (Condition H 1100)

~ ken liar ,lians,vt,-rs avu ~ ! I * ru. Tr o.z~, ys
11 llS4i . ’sI Down to — 320’ I’. • 

. tsZooo 135.000
I’s,r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

32 193,000 183,000 16.0
Pit -i si,, .i ~~~~~~~~~~~ r 12..1 ~~~~~~~~~~~~~~~~~~~ 40 203,000 189,500 15.5
it .  i,njsaus i Il.I.~ IsIsu ’ ... it ~~~~~~ ~j~I,..r il.a.s tl..~ 

R0 209,000 196,000 15.0
f , ,i tuas a j ,,.. 1.u~~~r tit-,,: 321) 248,000 243,000 *0
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• TYPICAL ELEVATED TEMPERATURE PROPERTIES
REPUBLIC 17.4 PH AND 15-5 PH

CONDITION H 900* AND H 1025
(Shod Time Longitudinal Mechanical PropSrti00)

ISO ~~~~~~~~~~ ~~~~~~ -.

- 

Coed. H 900

160 ~~~~~~~~~~~~~ 

.

• ~~~~~~ ~rao

140

“•
~
-
~~ • . ‘ .

120 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
10

1

~~

~ 1
100 - 0

• z

Cond. H 1 C23

-.

140 ~~~~~~~~~~~~~~~~~~~~~~~~~~~

~1.CIIGATIQN ~~~~~~~~~~. .. 

. 

~\ ,
- --

~~ ~~~~. 
• —

120 10

100 . . 0
400 500 600 700 000 900 000

_ _ _  

I .
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TYPICAL ROOM TEMPERATURE PROPERTIES
VACUUM ARC REMELTED

REPUBLIC 15-5 PH
VARIOUS CONDITIONS
25 In. Round Full S.ctien Transv.ri• T.sts

(H..t Tront.d sa c.up.ns) L

IOOMOO

I

FL

520.000

PE~UCTIO~! 0! APSA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

*

‘a

1.
IMPACT

H 060 H ~JQ H 5000 H 7090 
• 

N 1100 N 1100

CONDITION
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PHYSI CAL PROPERII 3 OF ~ E.~UU LIC 17-4 PH AND 15-5 PH
CondItion (~,•Jk~• t..nthsio. Condition

A 11900 11 1075 111150
(M.psseuc) (M.1,sstic) (%Iagsis-sic) (Magneiie)

Density, grams per cii. cm 7.78 7.80 7.81 7.82
lbs. per cii. inch O.2RA 0.282 0.283 0.284

Electrical Re.i~tivity, microhm.cn* 98 77 — —
Mainctic Permeability at

lUO oerited 74 90 88 59
at 200o.rs oda 48 56 52 38
Maziiuu 95 135 136 71

Mean Coelhcient of Thermal
Eiipans.os
10. inches per inch per F..
—IOO to lO°Y — 5.8 — 6.1

70.200’ F 6.0 6.0 6.3 6.6
70.400’ F 6.0 6.1 6.5 6.9
70-600° F 6.2 6.3 6.6 7.1
70.800’ 6.3 6.5 62 7.2

Thermal Conductivity
Situ per hsr per sq. ft. per

inch per ‘F at
300° )’ — 124 — —
500° F — 135 — —
860° F — 156 — —
900° F — 157 — —

Specific h eat
Btu pcr lb. pcz ’F .

32412’ 0.11 0.11 — —

Modulus of Elesucity, psi
Tension — 28.5~~ 10 — —
Torason — lii x 10’ 10.0 ~ 10’ 10.O s 10’

Poissnn’s Ra tio — .272 .272 .272

1~ I~~TIZATI3I’Z DATA LL!VATEI) T~~~1’~E~ fl1ThES
i. .e~~— ‘ i i s i e ,— ,— ,

(Condition H 900) ~~~~~~~~~~~~~~ 5.1? LL,~~~
The modulus of elseticity of 174 PH and

Field Streng ’h (U) Jed ucties (0) 15-5 PIt at eles-ais ’ ii temperatures can be
O,r.t..da Canasta cons eaienth e~presacd a. a per cent of room

temp erature mnsin ius . At tcmperaiurca rang.
10 430 to 600 in~ from room Lu, (iOU’ F t hu m aterial showed
25 2000 to 2,900 the followin g usoihslu. of elasticit y .

50 6150 to 7,300 Trmpcrsiurc Module. s.f Elast icity
• F ( .c of No.. Temp.. Mod iste.)

75 7850 to 9,100
72 100.0100 8900 to 10,000 100 996

150 .. to 11,200 200 97:8
200 . .  to 12,000 300 96.3

________________ -• 400 94.7
500 93.0

HYSTZ~ESIS DATA (1) • 600 91.4

(Condition H 300) GALLING AND SEIZING
Coercive Laborstoe ~ tests indicate that 174 PH

Fure, (Sic) ~9 Oer.ted. sad 154 P11 of s anous hardness Iota in
contact wi lls each oilie r have e3IcelIeel s-a-

Resid ual .iistance to galling. This combinatio n has
IndUCtiOn (Hi’). . 5200 Caua.es muvh higher resistanc, to galling than 18-8

i4sinleua against isis-U or other h.rdeoable
(3) Obiawr .l free, a .a.lusa. induction stainless steels. A. ii. n.ssal. the sliflerestial

of 10.1160 çauaaes. Valise. . ,....... ut Uf iiltd60Si. betitri n part. is an adsantap
iPso as.s~de ~~~~ thu Psi... , ,, .ukie  60 well as empIo~ ing parts with a sa.ossh
ompetiansien . ( m a sh.

E—392
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Comparative Corrosion Resistance .415-5 PH and 17.4 PH

CORROSIO 4 RESI-STA~CE
O~ 17.4 r:i AND 155 PH ZloUl~s~ 65% IINO,,—4a1. of 5 48-Hr Period.

The gen.’rsl ecinussios resistance . - —

Condition 154 PH 174 PUof these grades si eoespsrabk so _______________________________________________________

T~1w 304 in most meulia. 10 boiling .0083 1PM £14 1PM
65~ Il~~O, antI in )s-,~, DCL, 154 111025 0106 1PM .007 1PMP11 and 17.1 PIt eNhlibit about the -

same resistance. In ash fog and 111150 .0083 1PM .0065 1PM
ehlorid: 

~~~~~~~~~~~ ~ 1% IICL at 95° F’ Avg. of 5 41-Hr l°.ri.d.
a. shown b~ t$sesc d.iin ‘

~ COD&*IOSI 15.5 PH 174 PH
Its-public 174 PH, 154 I’ll have

the greatest degree of resistance to -~ H 900 .025 IPY .035 IPY
sires -corrosion eaackisg when brat 

,~ 
11 1025 .085 IPY .174 IPY

treated at the highest aging tea- 
~ 

111150 .730 SPY .650 IPY
pera twe (1100° F beisig prcirrred).

Commercial lSi.ocli—7 Day. at 95’ F

Condition 15-S PIE 17-4 P11

15 900 £Ol6 in. .O3 ita.
• II 1025 .013 ‘n .03 in.

111150 .0083 in. .O3 in.

5% Salt Fog at 95’ F—b Days

Condition 15$ P11 17.4 P11

11 900 0% rust 5-10% russ -

0 1025 0-5% rust 30-25% ~~~ :~• 111150 0.5% rust 5.10% rust

S ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ .— — ___s.qe.~~~:~~ .=~~ .~~..tau5

Comparative Corrosion Rates ’—Laboratory Tests
(Mils, .001’, per year)

• £~~~~~~~~~.53 • - .  - ‘.~~~It~onuir ~~~~~~~~~~~~~~~~~~~~~~~~~~~
C..r.s.... N.i. H. ~~~~~ M.Os.—5.il.p., uc.)

I $u ouIe. C~on5Hi... !S,sS(.n. Il~ diieI.l.u Ki ric A..... 3..dion lt.s~.L.M
~ Stud .%uHI Afld Aà4 5.M5 ib~4es~~s Add(Is.,.) 1 5.1° U.. Ii ’. Ij  aO°

it 3% C a, U C 0 .iIH.g Is.NIu.. IIdIi. laL.

llas.Is-w d
Type 43! as,.I .lr r .s 20-8~( S0O.71fl 8.4-9.6 5.34.8 91-60 6-11.3

rs .ls .uu d

-re,.. 381 .~nn.alu4 28 33 2 — 3
II ~P2~ Ii.ul.O.3 5.7.3.3 7.t .2t .$ 0.1-2.0 4.9.9.3 0.14.3

17—1 I’ll
II lll2.~ 0.0.0. 1 1.6.2.1 5.34.4 O.~.L2 5.0.10.1 0.5.1.2

I. ‘~~~~~~~ - — . .._ a — ,.. .~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

°The.r 4.0, NI.ee ,.kuuisw.4 I,, hem s.,, SW. ssød anSi. indite.,
she. ~,4n.,,. ~~~~~~~~ ~~i*s sr. .

~ 
the ~.frnSia iriird sa fe.

- 
~~fr ~~~~ Jjgj,e, ~~~~ ~~~~~~ ~ .e ~

. .~~~ i. e.emss. . ~~.

— ,wr/~uwon_ us aol, .
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PF 0CESS ANNEALING, slier solution srsstiog is not re- 
- 

temperstume below 1850° F. The
quised, th cunsrelod — .1 fused m eson is that sepper tends to pie.

HE.~T TREATING salt pickling aids as the psempies. eipkat. In this range, thereby po.a-
AND DESCALING tin hardening semperatiw. i,ould hIy causing forging and seat treat-

be on.cwi’eody used so accomplish usg ililSeul ties. The recommended

When 174 PH or ~~~~ PH 
. ths 1.......p..tatio. hardening heat initial forging tein1wrature range is

2150 to 2200° F. After forging, the
in sb solution 

~~~~~ part. must be separated fur uniCorns
conditio n anti fabiiostid by ~ Ifs fused salt pickling aid is used san cooling to room

or other ~~~~ operato rs aubacquent so. ,ior al Completed
systems, ~idy the sosple. low tsan- heat treating cycle. bow.,., ~~perature (900 to 1150. F) pre~pita- operating temperature mast ast sn WELDING
tic. hardening beat treatm ent is “- coed the paompitatio. hardening
quared. A transparent heat-tint temperature because the sseagth Although 17-4 PH antI 15.5 PR
type of scale is formed which, ~ th. .~.si o’W be impaired, em ksrdenable stainless steals, their
neceassry. can be removed by dip. ~~~~~~~~ ~~ nietisosi
ping in a 10% niuic.2% bydro- 

• of hardening eliminate the wduling
luorie (by volume) acid solutio n
at 110 to 140’ F. DI’.~IENS13NAL problema encountered with regisiar

hardeoable sI.~ui1~~ steels. Stand-
CHI~ GF.S and production methods are used so

If the material ii hut worked, or instance weld.
such as by forging. however. ~t ~1lsen Republic 134 PH or 154
should be re-solution t reated paler Pu is beat treated (roan Condition Souu.I welds are easily made by
to aging. This is perfurmcd by 

~$ to any of the hardened conditions, any of the are anti resistance pro-
holding at 1900’ F * 25’ I~ fur one • ulimenasional contraction ~

( 0.1)004’- comes used fur ‘stainless. Weldi ng
hour. separated for air cooling to 0.0006’ pen inch occurS . procedures are essentially the same
room temperature, then quenched as t~~se used for the chromium-
into coo l running water (below 80 Because of its better Iors ra,hility , nickel typns. No preheating is no-
F) so insure uniform response to H.isss blic 15-S P11 is recommended qw,nd because sian very low carbon
beat t realmeot . Descaiisag is then over 17$ PIt. t in ging bilkia of content of the alloy restrict, the
aceomplialseul by grit blasting and/ either gosde should be supplies 1 in hardness of napiull y-cooled metal
us pickling in 10% nitiic .2% Isyulno. the overaged conditic to eliminate anti preven t. tlw formation of cnadu
luoric acid (by volume) aulution at the possibility of aacking due to in the weld metal and heat-affec ted
110 to 140° F, similar to other thermal or other stresses. Stealing souse of the base metal.
stainless grades, practices ate .saunilar to those of the

edict hardenable stainless grades £,~ceIkot weld eflkieneies are ob-
The use of fussed saks as pickling ru-ups that an effort must be made tam ed in 17.4 PIt and IS-s PIE

aid. is normally avoided a. they *0 heat fairly tepidly through the ws -ldmentst . Properties in die weld ,
frequently operate near t he precipi . 1750 to 1850° F temperature range. comparable to th ose of the pare4t
satins hardening temp eratu res of Simi larly, an attempt should be mt -tat , s -an be obtained by s’iiits lik
this grade. However , if machining made cci to hot work the steel at pouitweld h eat treatment.

MACH INING treated condition varies, of rounse, Condition 11-900 Cutting Rate
wit h the hardness (controlled by the 20/30 SFPM

Rquil sli c 17—I I’l l ant i 15-5 PIt aging trmfwratufe . Wh ile the ma- (
~~ ulit ,~~ A Cutting Riteran h.- reaal il) mat-lu au-s i in linu s tI~’ rhinabihit y of product in Con.litios 70/30 sFP~dolustH.n4rv~a teuI and ~enssa. ~WrripI. 11-900 is. hinti tesl . bars’ in one of the

Condition 11.1100 Cutting Rateis lion boruis-neul C..Ii4l~IStiib’. 5urfaui’ k,wev strength conditions (Conditios 
80/90 SFPM 

-Anushi is ’ ~en good und rhuis. idler. Il-I 100cr 11-1150) will machineries
sore. ’ can be iselsi . Ils iwever . ube better than ihosse in Condition A. Condition H-I TSOM Cutt ing Rate
,uusrlsiniilsihit ~ - parlicuslanly mat-bin. 

Wher, optimum machinabi lity i. 100/130 SFPM
its; sis.eiIi aisd Cecil-, varie , wit h the 

needed , Repushli e 17.4 P11 and In any of u s e various conditions iiseat treat coeslitson. 15.5 Pit can be supplies1 in fully w it isa buso hsatel y essential that the heavi-
Nonmualk. thee. grades are U’. treated Coiulitks. 11.1 150M. *sI. eat s’quiprnesst avail able in good mc-

s-h iss-ui in the soluii ne-treale’I ‘°o- t hou gh the int-cliankal properties iS - clsanicsl condition be used so mini.
ditinus (Cnn.liiicu A) tu Intel slims-n- si~i. condit ion are ,highil y lower than m~ac v ibration and chatt er . Turn -
sian. because then. only the simple in Condi tion 11.1150. ih, macbin- lag tools sihou ld be used wherever (
lots tem perature agits ; treatment 55 ability is noticeably insproved. possible , inst ead of form tools. Oil
rea1uired to iirodiast’e thu de,sired coso- The relative mach inability on is the preferred coolant and carbide
binat ion of merhausical 1t,~01*~t~~~ automatics in dan various conditions tools should be used where possible

Mss-hina bilit1 in the full y heat is as follows: -• instead of bight speed tools.
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APPENDIX F

ARMCO DATA - 15-5 PH VAC CE

Selection of the stainless steel for the transducer body was partiall y

made using information provided by Armco Steel Corporation . This information

is printed here through permission granted by Armco Steel provided in the

letter appearing on the fol lowing page.

I

F—395

_______________________________________________



ARMCO INC.
GENERAL OFFICES • MIODLETOWN, OHIO 45043

(..
ADVERTISIN G AND
CR EATIVE SERVICES

Apr il 17 , 1979

Mr. R. E. Thompson
Research Engineer
Chemical Systems Division of
UNITED TECHNOLOGIES
Box 358
Sunnyvale, California 94088

Dear Mr. Thompson:

Thank you for your April 11 letter explaining your
desire to publish Armco data in a forthcoming technical
report.

You are hereby granted permission to publish the *

bulletin and data comparing 17-4 PH and 15-5 PH for
the purpose described in your letter.

Cordially ,

,,i:J2
~~~~~~

’ 
~~~~~~~~

‘
~~~. M. Rains
Advertising Group Manager

/a
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Armco 15.5 PH VAC CE
Precipitation •Hardenin g Stainless Steel
Bar, Wire and Forging Bi llets
Arinco 15-5 PH VAC CE is a precipitation-hardening stainless steel that offers a un ique com-
bination of high strength and hardness, excellent corrosion resistance plus excellent transverse
toughness and good forgeability .

Armco 15-5 PH stainless is produced by consumable electrode vacuum arc remelting

(designated VAC CE). Armco 15-5 P1-I VAC CE stainless steel is virtually 11ferrite free .”
Consequently, it has good transverse notch-toughness and forgeability. In severe upset forging
or hot flattening operations where splitting or rupturing are encountered with high strength
steels. Arrnco 15-5 PH VAC CE stainless offers valuable advantages. Its forgeability is
superior to Armco 17-4 PH stainless steel.

Fabrication practices for Armco 15-5 PH VAC CE stainless are generally the ~~rne as those es-
tablished for Armco 17-4 PH stainless steel. Most techniques are similar to those
recommended for the regular grades of stainless steel. Hardening beat treatments require
temperatures of only 900 F (482 C) to 1150 F (621 C). depending on the properties desired . As a
result , scaling and distortion difficulties are virtually eliminated . Armco 15-5 PH VAC CE
stainless has good machining properties. Excellent surface finish can be produced with conven-
tional tooling.

The inlermation stud ditS set loq~u in Sue Product Data lubeti n are accurate to the best of our knowledge and
belief , but are Intended (or generuf kW.,m.tiors only. General and specific sppllcations suggested 1 t  the mate-
~I~li described hereIn are mad. solely to permit th. reader in mak, his own evaluation and decis ion, and are
not to be construed either ozpqess or bephied war rant ies of fitness lot these or ether apphicatIons~ The date
,oportad herein have bean developed esesugh tesle conducted by or for Armen. They are not gueraftlsss.

W. A” .stc ~ Ps. 117550 17-I Ps. Il- I SW _ 57.7 PI* .. *si...ffi.. SI Am.. 5ss1 ~~~~~~~~ 
OIwo
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The values showzi herein were established In U.S. customary units. The metric equivalents of
U.S. customary units shown may be approzimate. Conversion to the metric system, known as
the International System of Units (SI). has been accomplished in accordance with ASTM Stan-
dard E380-72 5Metrie Practice Guide.

COMPOSITION
Carbon 0.07 max
Manganese 1.00 max
Phosphorus 0.04 max
Sulfur 0.03 max
Silicon 1.00 max
Chromium 14.00-15.50
Niekel 3-50-5.50
Copper 2.50-4.50
Columbium plus Tantalum 0.15-0.45

AVAILABLE FORMS
Armco 15-5 PH VAC CE stainless steel ii produced in the form of billets , plate, bar and wire. It
is usually supp lied in the solution treated Condition A ready for fabrication and subsequent
hardening by the user. However, it can be supplied in certain hardened conditions if so desired.
Material for forging should be ordered in the overaged condition. Wire for cold heading should
be ordered overa ged, coated and cold drawn.

Conditions Available from Mill

1) Condition A Material for fabricat ion and heat treatmen t by the user. If severe
(Solution treated) cold forming is required use Condition H 1150 or H 1150-M.

2) Condition 1-1 1075 Precipitation-hardened condition. Machines as well as Condi-
tion A.

3) Condition 1-1 1150 Precipitation-hardened condition. More readily fabricated than
Condition A. No further heat treatment necesw-y where no
severe cold working is involved.

4) Overaged for forging Allows cold sawing of large sections without ascking.
5) Overaged, copper coated Maximum softoess for cold heading. Materials in this condition

and cold drawn for will not respond to aging treatments without first solution
cold heading treating.

6) Other Conditions Inquire for availability.

Consumable EI.ct rod . Vacuum Arc R.m.It ing (VAC CE)
Arin co 15-5 PH vA C CE stainless steel is produced by consumable electrode vacuum arc
remelting to meet the stringent mechanical property and cleanliness requirement s of the space
and nuclear industries. Besides lowering gas content, VAC CE adds other advantages to
Armco 15-5 PH VAC CE stainless. It reduces and disperses inclusions , and minimizes alloy
segregation during solidification. These factors , coupled with the eliminat ion of delta ferrite ,
combine to give Armco 15-5 PH VAC CE stainless excellent trans ver se mechanical properties
in any test location.
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A PPLICATIONS
Armco 15-5 PH VAC CE stainless steel is ideal for applications requiring high stren gth and
toughness in all directions. Typical applications include forgings , pump and valve parts for
high pressure systems requiring excellent corrosion resistance , aircraft component s and
transversely loaded plate applications.

SPECIFICATIO NS
Armco 15-5 PH bar, wire , forgings and forg ing stock is covered by the following specifications.
It is suggested that the issuing agency be contacted for the latest revision of the specification .

ASTM A 564 Hot-Finished or Cold-Finished Age Hardening Stainless and Heat-Resisting
Steel Bars and Shapes

ASTM A 705 Age Hardening and Heat-Resisting Steel Forgings

AMS 5659 Consum able Electrode Melted Bars, Forgings and Rings

STA NDARD H EAT TREATMEN TS
Armco 15-5 PH VAC CE stainless steel can be heat treated at different temperatures to
develop a wide range of properties. Full y hardened 15-5 PH VAC CE stainless, Condition H
900, will have a minimum ultimate tensile strength of 190,000 psi (1310 MPa) and minimum
yield strength of 170,000 psi (1172 MPa) . Typical properti es for the standard conditions are
shown in Tables IV and V.

• 15-5 PH VAC CE HEAT TREATMENTS

test to
/ Condit ion ± 15 F Hold for

(iCC) Hours

900 F
H 900 (482 Cl 

Air

92S FH 925 (49 5 C)

_____________ 102SF(41025 4 Air
Condition A (552 C)
Solution 1reorsd
1900 Fi25F1/2 Hr. — H 1076 

107S F 4 Air
( 10 36C ±1 4C)  ______________ 

(5 9C)
Oil or A,r Cool 110°F
_______________ H 1100 (593 C) 4 Air

1150 FH 1160 621C Air

H1150-M 2 Air

(Doubt. Ovor.gsd) FotiowOd by
1150 F
(62 1 C) Air
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Armco 15-5 PH VAC CE stainless exhibits useful mechanical properties in Condition A , and
tests in progress at Kure Beach for more than two years show excellent stress corro sion crack-
ing resistance. Condition A mater ial can be used successfully in numerous applications.

However, in critical applications. Armco 15-5 PH VAC CE stainless should be used in the
precipitation-hardened condition , rather than Condition A. Heat treating to the hardened con-
dition , especially at the higher end of the temp erature range , stress relieves the structure and
provides more reliable resistance to stress corrosion cracking than in Condition A.

In applications where the use of 1 5-5 PH VAC CE stainless in Condition A is being considered,
it is suggested that Armco be contacted for technical assistance.

Heat-Trea ting Cycle Forg ing and Cold Heading

If 15-5 PH \‘AC CE stainless is to be forged or cold headed, it is supplied “overaged for forging”
or “overaged for cold heading. ” Overaging consists of heat treatment at the mill ih the
temperature range of 1150 to 1200 F (621 to 648 C) to achieve maximu m softhess for cold saw-
ing and cold heading. Such treatment eliminates the possibility of cracking in large sections.
Material in this condition will not respond to hardening treatmerfts without first solution
treating.

ME CHANIC A L PRO P ERTI ES
The newton (N) has been adopted by the SI as the metric standard unit of force as discussed in
ASTM Standard E380-72. The term for force per unit of area (stress) is the newton per square
meter (N/rn 2 ). Since this can be a large number, the prefix mega is used to indicate 1,000,000

units and the term meganewton per square meter (MN/rn 2) is used . The unit (N/rn ’) has been
designated a pascal (Pa). The relationship between the U.S. and the SI units for stress is: 1000
pounds/in’ (psi) — 1 kip/ in’ (ksi) 6.8948 meganewtons/rn’ (MN/rn 2) — 6.8948 megapascals
(MPa ).

Orent o t ion and Location of Test Spec imens

Armco 15-5 PH VAC CE stainless is needed in many applications requiring excellent
mechanical properties in the long transverse and short transverse directions, as well as in the
longitudinal direction (direction of rolling ) . Orientation and location of the test specimen and
product section size are receiving more emphasis in the determination of design values. The
data included in this bulletin are identified regarding (1) orientation of specimen , (2) specimen
location , and (3) section size from which the test specimens were taken. Orientation and loca-
tion of test specimens are shown in the follow ing sketches. Unless otherwise stated, data
represents longitudinal direction — intermediate location.
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Sketches showing the oñ.ntation and location of ( 1)  Transverse properties cannot be d.t.rmined if
test specimens in a typical bar section. Fig. IA bai dimens ions ar e under 3” (76.2 mm) in fl*
shows specimens located at the center or along test direction.
hi axes of the respective bar dimensions. Fig. 1 B (2) In rounds , squa res, and hexagon bars, no shortillust rates the location of test specimens to deter-

~ansverse direction exists.mine properties at Intermed iat, locations.

PROPERTIES ACCEPTABLE FOR MATERIAL SPECIFICATIONS
Table I

Maximum H.rdness or Tensile Strength in Condition A
Rounds. Hexagons and Squares Flats

1/8 (3 18 mml Over 1/8.’ to 1/2” IncI Over 1/2” Over 1/2 ”
and Smaller (3.18mm to 12.7 mm lnc l) (12.7 mm) (12.7 mm)

175.000 ps i(1207 MPa) max RC 38 max 81*1 363 max BHN 363

Table II
Minimum Prop erties (Suitable for Specifications )

Longitudinal Direction — Interme diate Location (up to 12” (304.8 mm) s.ction)

_______ _______ _______- 
Condition

14 900 14 925 14 1025 14 1075 141100 141150 H11S0-M

Ultimate Tensile 190 170 155 145 140 135 115
Strength baa (MP.) (1310) (1172) (1069) (1000) (995) (931) (793)

0.2% Yi ld 170 155 145 125 115 105 75
Strength . bai (MPa) (1172) (1069) (1000) (862) (793) (724) (517)

Elongati on. S in 2”
(60.8 mm) 10.0 10.0 12.0 13.0 14.0 16.0 18.0
o r4 x D

Reduction of
Area. 5 35.0 36.0 45.0 45.0 45.0 50.0 55.0
4.rdneu

Innell 388/448 375/439 331/401 302/375 311/394 277/352 2551293
Rockwell C4O/47 C3B/45 C35/42 C31/39 C32/38 C28/37 C24/30

Impact. ChatTY! • 5 ¶5 20 25 30 55
V-N otch, ft-lbs U) (6.1) (20) (27) (34) (41) (75)

F—401
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Table Ii
Minimum Properties (Suitable for Specifications)

Transverse Direction (up to 12” 1304.8 mmj section)
CondItion

Progsny 14900 14 925 141025 H 1075 141100 141190 141110-N

Ult.m.ieT.nsils. 190 170 ¶55 145 140 135 115
Suength.ksi (MPa) (1310) (1172) (1069) (1000) 4965) (931) (793)

0.2%Yseld 170 155 145 125 115 105 75
$trength. ksi (MPa) (1172) (1069) (1000) (962) (793) (724) (517)

Elongation. S in 2”
(50.8 mm) 6.0 7.0 9.0 9.0 10.0 11.0 14.0
o r4 xO

Reduction of
Area. % 15.0 20.0 27.0 29.0 29.0 30.0 35.0

llardn.ss
$nn.lP 388/448 375/438 33 1/40 1 302/375 311/364 2771352 255/293
Rockwell C40/47 C3B145 C35/42 C31139 C32/38 C28/37 C24/30

Impact . Charpy
V-Notch. ft-lbs (.1)
Intermediate 10 15 15 20 35
Location (14) (20) (20) (27) - (47)

Nmsmin~ w,~~ ct p.,~~ ri.je c rwiot be sccu~iid m this .,i ~~iioi’ If ~~i5iWi~~S S• d i y~ Cn~ na. 5~~ hst  VWiiieiit Wiould b, uSed

~~~h Cautuor

k— l

Typical Properties
Table IV

Typical Mechanica l Properties
Long itudina l Direction — Intermediate Location

Condition
Property 14900 14925 141025 14 1075 141100 141150 141110-N

Ullimate Tensile 200 190 170 165 150 145 125
Strength . kss (MPs) (1379) (1310) (1172) (1138) (1034) (1000) ($62)

0.2%YieId 185’ 175 165 150 135 125 $5
Str.ngth.ksi (MPa) (1276) (1207) (1138) (1034) (931) (962) ($861

Elongation. S in 2”
(50.8 mm) 14.0 14.0 15.0 180 17.0 19.0 22.0
e r 4 x D

Reduction of
Area. % 60.0 54.0 56.0 58.0 58.0 60.0 38.0

Hardness
Brinell 420 409 352 341 332 311 277
Rockw•ll C44 ~~2 C38 C36 C34 C33 c27

Impact . Charpy 15 25 35 40 45 50 100
V-Notch , ft ’Ibs U) (20) (34) (47) (54) (61) (68) (136)

Com r.wv, yield strength ~ r Condition N SOO S 175.000 on (1227 SIPaI
- ‘Ty~ic& d t s  retrr ~~uf II se’sp. vilues f sliticbiiO qi tSeTh tsr pIoducbOr eids rI
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TabI V
Typic al Mechanical Properties ••

Transverse Direction — Intermediate and Center Location
I

P.~~~ity 14 900 412$ 14 1025 14 1075 (41100 (41150 H11I0-M

S• C’ I C I’ C r C- I- C’ I• C’ I’ C’

iJhwn.teTensH. 200 200 150 ISO 170 170 165 1*8 150 150 145 143 125 126
strength U IUP.) (137$) (137$) (1310) (1310) (1172) 11172) (113$) (1131) 11034) (1034) 41000) 11000) I$S21 ($62)

0.2%Y.sid 115 155 175 178 155 165 150 160 135 136 125 125 65 $5
sus ngtft . bsi IUPe) (1276) (1275) 11207) (1207) 111311 (113$) (1034) (1034) ($31) 4931) l$S21 (562) (5*6) (5*6)

Iiongitsoui.%iii2’
80 5 mm) 10.0 10-0 11.0 11.0 12.0 130 13.0 13.0 140 14.0 150 150 ISO ISO

o ’4. 0

~eduCtiOii Of
Aise % 300 30.0 35.0 35.0 42.0 420 430 43.0 44.0 44.0 45.0 480 500 500

NefoneSe
San,)1 420 420 409 409 352 352 341 341 ’ 332 332 311 311 277 277

~o~~w,lI CM CU C42 C42 CU CU CU CU C34 C34 C33 C33 ~~7 C27

Imes~ ~~~~~V-Notch, ft-the (,fl

Noic$i As,. 7 17 27 30 30 50 100
Longitu dinel (9 5) (23) (37) 1411 141) 16$) (136)

NotcPi Aa.e S 12 28 25 25 45 70
T,....,.,ree (II) (16) (34) 134) 134) (61) (95)

- I — Inenn,.dield Location C — Csnesr ),ocetion
- - — TypiCal data resronni a~~rSge VSIUSe of Ouah*catson tmm ~~ production odari

Shear Str ength

Table VI
Shear Strength In Double Shear

Sheer Sheer/TensIle
(ITS $trength Ratio

Condition ksi (MP a) ku (MPa ) S

14 900 2056 (1418) 124.0 (855) 30.7
14 925 1891(1304) 116.0(800) 61.8
H 1025 134.7(1136) 104.2 (718) 63.2
H 1100 154.7 (1067) 99.1(683) 63.0
H 1150~M 134.9 (930) 89.3 (616) 66.2

‘Da ta devsloOsd on 1/4 ’ (6 35 mm) round on Awsr.gs of frse tests on one tiset
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Table VII
Fatigue Strength — Unnotched

Tension — Tension
Naaimvm Stress Cycles to PaIlu,e~~

ksi (MPa) Condition A Condition H 1021 Condition H 1100

160.011103) — 32.900 —
153.0(1069) — 322,300 —

150.0(1034) — 33100 55.100
150.0(1034) — $9 200 —

140.0 (955) 81,200 ¶25.800 35.000
140.0 (965) — 358.600 —

137.5 (948) — — 36.100
137 .5 (948) — — 97.400
135 0 (931) — 30.700 3.696.000
135 0 (931) — 152,600 7.096.000
1350 (931) — 2.032.000 —

132.5 1914) — — 127.100

132 5 (914) — — . 219.900
130 0 (896) 190.400 118.700 4.860.000
130 0 (896) — 8.044 800 —
130.0 (896) — S.720.100 —

127.5 (879) — — 7.300.000
1250 (862) 224.400 — 3.907.000
125.0 (862) — — 8.031.000
1200 (827) 214.900 — —
1150 (793) 4.792.000 (Discontinu.d) — —

110.0 (758) 3,433.600 (Discontinued) — —

90.0 (621) 5.152.200 (Discontinued) — —

900 (621) 10.100.000 (Discontinued) — —

Table VIII
Fatigue Strength — Notched (kt * 3.0)

Tension — Tension
Mssimijm ~~~~~~~ 

Cycles to Failure ”
liii IM P a) Condition A Condition H 1025 Condition H 1100

65 0 (448) — — 107.000
52.5 (431) — 111.500 —
80.04414) — 105,200 —
6004414) — 150.400 232.600
57.51396) — 262200 —
57.5(396) — 8.366.400 —

55.0 (379) — 225.700 332.000
55.0 (379) — 1.378.300 332.000
55.0 (379) — 3.004.000 5,529.400
52.5 (362) — — 23.300.000 (Discontinued)
52.5 (362) — 10,164 .000 (Discontinued) 10.000.000 (Discontinued)
600(345; 88.200 — 10,017 ,000 ID,scoi’itinued)
50.0(345) 299.200 — —

45.0(310) 350.000 —

45.0 (310) 10.826.000 (Discon*inued ) — —
42 5(293) 255.500 — —
42.5(293) 10. 1 10.500 (Discontinued ) — —
40 0 (276) 10.563,800 (Discontinued ) — 10.200.000 (Discont inued )

400 1276) 10,565.000 (Dtucoflhinusd) — —

lransverse specimens prepared from 2’ (51 mm) s 5” (152 mm) hot fo rged bar

— • 0.1. speed • 30 heru . uniaz iu) loading

Data represent ind,v,dusl tests from one heat.
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Modulus ~f Elasticity

Table IX

Condition

__________________ 
$300 $1025 $1075 $1150

Modulus in Tenaion. psi IN Pa) ~~~~ 
~~~~ 

— — —
Modulus in Torsion. psi (NP.) 

~~~• Data represent averag e of two tests front one heat.

The modulus of elasticity of 15-5 PH VAC CE stain less at elevated temperature can be con-
venient ly expressed as % of roorr ~ temperature modulus. At temperatures ranging from room
to 600 F (315 Ci this material showed the following:

T.mp.r.ture Modulus of Elasticity
F (C) 1% of Room Temp. Modulus )

72 (22) 100.0
100 (38) 99.6
200 (93) 97.8
300(149) 96.3
400 (204) 34.7
500 (260) 93.0
600(315) 11.4

Poisson’s Ratio in all hardened conditions is 0,272.
• Data represent average of two tests from one heat.
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Tors ional and Tensile Data

Table X
Torsional and Tensile Data

Armco 15-5 PH VAC CE Stainless Sat Stock

V__ I_—i
T Ueiwi 5h. P.s .rba~~~ 02% Tonleisel Yleid Msdiiiim 0.2% VS. Teiuloni Teisienel Meeukj.

Urnit. Sesnrf i. tsi IMPel of 0~ipei.e lOTS. O0..t . VS l~~’ I VIII) of ~ u~two
C_.Jhl ~~l IMPel ~~l IMP.) ~/ ~~I IMP.) b.i IMP.) ~~l IMP.) T.n,.onY5 T~~eior VS UTI

Asvieilsd 1.15 .10 Ill. 10’) $2 11433) 64.5 (175) 13 5(544 ) 1207 ($32) 1144(1001) 122 1 ($451 0.59 07$ 075
• H 500 1079 .10’ (71. tO’ ) $9 3 ISIS) 117.5(511) 126.3 1S71) 153 7(1129) 100 1(13111 170,2(11741 0.11 074 0.a6

H $25 11.07 .10’ (71. tO’) 92 3 (535) 114 7 (7101 123 I (545) 155,5 (1074) 112.0(12IS 513(1110) 0.5$ 0.73 0.55
H 1025 10.53 . I0’171’ I0’ 501(527) 107.7 (743) 114.2 (7S7) 137.1 1545) 151.0(1110) 1S7 3(1054 ) 001 073 015
H 1100 lOll . 10’ (74. 10’) SO 1 (153) $901013) 103 3 (721) 127 .0 1176 110,0(1034 ) 141.2(10021 055 0.73 055
Ill ISO 1076. 10’ (74 . 10’) 57.7(3911 532 (554 ) 53.3 ($431 123 I 11531 141.5 (977) 121 1 1517) 0.37 073 059
N IIIOM 1,51. 10’ (lS . 10’ 390(202) 59 4 (409) 57.1 (461) 1134 (712) 132.0 (PlOt $0.9 0127) 0.55 074 050

- Abwap, 4 Iwo e,w from nt. iiwt — ~~~~ in.J* m.dwn.d Son 1 (214 non) br No~~- 
i V — 00..’ dstsil,wneø by Wiserwi .i~on (~ ‘ I • 0.002

I — 00s t dneq,nsn.d by ionn& ~~~tfl 04)  0.002
0.$rsnoe Tsue Mined d~sci~ ,d Ni ploir. ‘Mic$ien~iI Pe. rb Of Su iting wid Val., Son Miisne~~ by .iOiWi N U_-don. ialed iiAriwocor Soø.si ~ Taon~ ~~ U_-ed. Vol 54. are. 755

Elevated Temperature Properties

Table Xl
Short-Time Tensile Prop.rties

________ ________ 
Temperature. F (Cl 

______ ______

Property and Condition 75 400 800 800 1000 1200
(24) (204) 

— 
(315) (426) (538) (848 )

l,J’l’S. ~a (N Pa )
14925 191 ( 1317 )  13 8(115 8)  159(1096) 149(1027) 110(758) 58 (400 )
H 1025 186(1145) 147(1014) 139 (953) 133 (917) 105 (724) 54 (372)
H 1100 155(1069) 138 (951) 132 (910) 123 (848) 96 (662) —

(4 11 50-N 130 (896) 111 (785) 104 (717) 98 (676) 80(552) —

0.2%YS.ka,(MP )
H 925 176(1213) 152(1048) 140 (965) 126 (869) 92 (834) 46(317)
H 1025 161 (1110) 139 (958) 131 (903) 119 (820) 91 (627) 41 (283)
(41 1 00 150(1034) 134 (924) 126 (869) 114 (788) 88 (607) —

H 1150-N 104 (717) 100 (589) 98 (682) 18 1607) 87 1462) —

Elong.% in4x D
14 925 16 15 14 16 17 26
(4 1025 17 15 14 15 18 28
(41100 19 16 14 14 18 —

H 1150-N 23 20 19 17 20 —

Reduct ion of Area. S
(4 925 59 54 59 80 70 83
(4 1025 64 58 57 60 70 83
(41100 67 62 57 60 71 —

(4 1150-N 75 34 70 69 74 —

• On. iwor, ,er,pi of fiwr Mn. oorw*nq Of duplicate t eiu sidt of ion lien. or. or 1 (254 on) dematec bat arol tue

~~isr or 1.1/4” (31.1 mm) dismitec bec
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Sub -Ze ro Mechan ical Propert ies

Armco 15-5 PH VAC CE stainless steel maintains good ductility at sub-aero temperatures.
This property makes it an ideal material for applications such as valves and aircraft parts that
must operate at low temperatures. No general statement can be made regarding preferred heat
treatment for cryogenic applications because much depends on design requirements. However ,
many engineers have approved Armco 15-5 PH VAC CE stainless to the following temperature
limits:

Condition H 925 — Down to 0 F (-18 C) for general use. For non-impact applications it Is useful
at temperatures as low as -320 F (-196 C). For example , valve seats.

Condition 1-1 1025 — Down to -50 F (-46 C). Design with caution when using large diameter
bars.

Condition H 1100 — Down to -110 F (.79 C). Design with caution when using large diameter
bars.

Condition H 1150 -M — Down to -320 F (-196 C).
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Table XII
Short-Time T nsile Properties

____________ 
T•,np.,eturs.~~lC) 

_____________ 

-
~

Propevty and Condltion -320 (-138) .100(73) 75(23.8)

IJTS. kai (MPa) -

1( 925 212(1462) 191 (1317)
(4 1025 228(1558) 134(1 289) 185(1145)
441100 210(1448) 172(1186) 155(1069)
(4 1150-N - 201 (1386) 151 (1041) 130 (896

0.2% VS. ks) (NPa )
• (4925 . 199 (1372) 176(1213)

(4 1025 221(1524) 179(1234) 181 (1110)
*41100 205(1413) 186(1145) 150(1034)
(41150-N 146(1007) 107 (738) 104 (717)

£long.%in4zD
(4 925 • 17 16
(41025 15 18 17
(41100 18 19 19
(41 150-N 27 25 23

Reduction of Area . S
(4925 • 61 59

(4 1025 55 87 64
H (41100 80 86 67

(41150-N 85 74 75

Data ~~.nt onisge of ~ ut won oecis.strng of di~~4~~ N won on ..cli Of ton I_sw or. am 1” (354 amie) dsatnatv be,
.ndtiie dir or I-I/I” (31Sn ( deneis. bat

Table X II I
Impact Strength at Sub-Zero Temp.r.tures

4 V-Notch Charpy Impact. Foot-Pounds (J)
• Temperature F (C)

Condition 75 (23.8) +10(-12) -40 (.40) •110(-79) •320 (-196)

H 925 58 (79) 28 (38) 16 (22) 7 (9) —

(4 1025 84(114) 46 (62) 23 (31) 9 (12) 2 (2.7)
(41100 96( 130) 80(108) 54 (73) 27 (37) 3.5(4.7)

[ HI 150-N 174 (236) 172 (233) 187 (225) 152 (206) 33 (45)

F Data represent av.age of four tests consisting of duplicate tests of two hests ’ one on 1’ (25 4
mm) diame ter bar and the other on 1.1/4” (31.8 mm) diameter bsr .

Table XIV
Impact Strength at Sub-Zero Temp.ratu rss

Precracked Charpy Impact , in-lbs/in 2 (mm•N/mm2)

Temperature F (C)

Condition 76 (23.8) +10 (-12) -40 (-40) -110 (-79) -320 (-136)
(4 925 2.650 (46.4) 750(131 ) 300 (63) 200 (35) —
(4 1025 6.100(893) 1.900 (333) 900(158) 350 (61) —

H 1100 6.900(1.208) 4.150 (727) 2.150 (377) 850(149) —

(41150-N 12250 (2.145) 11 .900 (2.084) 11.400(1.997) 9.900(1.734) 1.100(193)

• Data represent av.rsgs of four tests consisting of duplicate tests of two heats one on 1’ (25 4 mm)
diameter bar arid the other on 1-1/4 ’ (31.8 mm) diameter bar.
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Tab le XV
Typical Sub-Zero V-Notch Charpy Impect

~ S’ (150 mm a 150 mm) Section
Longitudinal — Intermediate

Condition H 1150-M

Test Tesnpereture. F (C) Charpy V-Notch. ft-lbs (J)
Room 100 (136)

-110 (-79) 75(102)
•17 5(•116) 40 (U)
-3201-196) 20 (27)

• Data represent averag, of duplicate tests on one heat

PHYSICAL PROPERTIES
Table XVI

Condition’
A P1 900 (4 1075 (41150

Density. gm/cm’ 7.78 7.80 7.81 7.82
lbs/in3 0.281 0282 0.2-82 0.283

Electrical Resistivity. 98 77 — —
msc rohrn-cm

Mean Coefficient of
Thermal Expansion

in/in/ F (H m/m.C)
-100/70 F (-73f21 C) — 5.8 * 10” (104) — 6.1 * 10-’ (11.0)

70/200 F (21/9 3 C) 6.0 2 10-’ (10.8) 0.0 2 10-i (10.8) 6.3 x 10-’ (11.3) 6.6 * 10-’ (11.9)
- 70/400 F (21/204 C) 0.0 x 10 (10.8) 0.0* 10-’ (10.8) 6.5* 10’ ( l 1.7) 6.9 * 1O-’(lZ 4)

70/600 F (21/315 C) 6.2210-’ (11.2) 6.3 * 10-’(11.3) 6.6 * 1O~~(1 1.9) 7.1 * 10-’ (12.8)
70/800 F (21/426 C) 6.3 * 10-’ (11.3) 6.5 * 10-’ (11.7) 6.8 2 10~ (122) 72*10-’ (13.0)
70/900F(21/482 C) — — — 7.3x10-’(13.1)

Thermal Conductivity
ITU/hr/h’/in/’F

(W/m.C)
300F(149 C) — 124(17.9) — —
500F(260 C) — 135(19.5) — —
860 F (460 C) — 156 (22.5) — —
900 F (482 C) — 157 (22.6) — —

Specific Meat
BW/lb/’F (.J/krC)

32/212F(0/ lOO Cl 0.11(460) 0.10(418) — —
• Data represent one test from one heat.

Magnetic Propert ies

Normal induction and hysteresis curves are shown in Figures 6 and 7. There is little difference
in the magnetic properties of material heat treated to Conditions H 900 and H 1075. However ,
magnetic prop erties of material heated to Condition H 1150 are significantly lo-ver.
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Figure 6 • Data represent single tests from three heats Figure 7

CO R R O SION RESISTAN CE
The genera l level of corrosion resistance of Armco 15-5 PH VAC CE stainless steel exceeds that
of Types 410 and 431, and is approximately equal to that of Arinco 17-4 PH stainless steel. This
is indicated by laboratory tests in both strongly oxidizing and reducing media , as well as by at-
mospheric exposures. In all heat-treated conditions, Armco 15-5 PH VAC CE stainless exhibits
very little rusting after 500 hours’ exposure to 5% salt fog at 95 F (35 C). Wh en exposed to
seacoast atmosphere for long periods of time, Armco 15-5 PH VAC CE stainless gradually
develops a superficial overall layer of rust like other precipitation-hardening stainless steels.
The general level of corrosion resistance of Arinco 15-5 PH VAC CE stainless is best in the fully
hardened condition , and decreases slightly as the aging temperature is increased .

Str ess Corrosion Resistance

The following data were obtained on .052’ (1.3 mm) strip samples of Armco 15-5 PH \‘AC CE
stainless steel from two heats exposed in triplicate on a location 80 feet (24 m) from the ocean
at Kure Beach, North Carolina.
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Condition ha l  IMP.) PIuisutts1

- :  A (H. a tl ) 133.2 (918 1) 3NF
99.9 (688.6) 3 NF

H 900 (Heat 1) 172.5(1189.0) 3 -21  days
129 4 (892.0) 2 - 21 d.ys .1-2$ daYs

N900 (l4.ai 2l 180.0(1240.71 3-22 d ys
135.0 1930.6) 3 -22 days

H925( Heat l ) 165.8(1142.9) 3 -Z 3 days
124.4 (857.5) 3 -23 days

H 925 (H.at2l 171.8(1184 .2) 2-22 days , I .266 days
128 9 (688.5) 2 -22 deys~ 1 109 days

P1975 (Heal 1) 159.0(1096.0) 3NF
119.3 (822.3) 3NF

N9751$eat 2) 162.3(1118.7) 3NF
121.7 (838 9) 3NF

H 1025 (Heat 2) 159 1 (1096 7) 3NF
119.3 (822.3) 3NF

(1) Applied stresses were 100% arid 75% of the 0.2% yield strength , using smooth bent beam
.pecum.fls in the longitudinal direobon.

(2) NF indicates NO FAILURE to date Tests were begun June 5. 1973. foe Heat I and June 3.

1971. for Heat 2. and ar, still continuing.
These data indicate Arvnco 15-5 PH VAC CE stainless ste.l is highly resistant to stress corrosion
cracking in marine atmosphere when aged at temperatures or 975 F (523 C) and higher. For

max,mum resistance to chloride stress cracking. Armco 15-5 PH VAC CE stainless should be
aged at the ma*imum temperatu r. that will yield the required prap.nms. but not less than 975 F
(523 C)

FAB RI CATION
Heat Treatment

For maxirrum hardness and strength, material in the solution-treated condition is heated for

one hour at 900 * 1SF (482 * BC) and air cooled to room temperature. If material purchased in
the solution-treated condition (Condition A) is hot worked, it must be solution-treated after

such working and before hardening.

All surfaces should be free of cutting lubricants and other foreign matter before any beat-

treating operation is performed.

Where ductilit y in the hardened condition is especi*By important. better toughness can be ob-

tained by raising the temperature of the hardening .~eat treatme nt. Unlike regular hardenable

materials which require a hardening plus a tempering or stress-relieving treatment,
Armco 15-5 PH VAC CE stainless steel can be hardened to the final desired pro perties in one
operation. By heat treating at temperatures from 900 to 1150 F (482 to 621 C), a wide range of
properties can be atta ined. A heat treatment of 4 hours is generally used for all hardenening
heat treatments except 900 F (482 C), for which a one-hour treatment Is used.

If Armco 15-5 PH VAC CE stainless is not ductile enough in any given hardened condition, it
can be reheat-treated at a higher temp erature to increase im pact strength and elongation . This
retreatment can be made without a solution treatment prior to the final heat treatment.
However , If the materia l is not hard enough or strong enough It must be resolution treated, and

then hardened at a lower temp erature .

F—4 14
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For material bot worked or forged, or castings, $ solution treatment at 1875 to 1925 F (1032 to
1050 Cl for 1/2 hour, followed by cooling to at lust 90 F (32 C) must be done prior to hardening.
Oil quenching rather than air cooling may be used on small , simple sections. This treatment
will refine the grain size and make hardened material more uniform.

On hardening Armco 15-5 PH VAC CE stainless steel, $ dimensional change will t ake place.
Typical dimensional changes are shown below. They can vary from heat to heat.

Table XVII
Contraction From teat Treatment ’

14 900 .00045 in/in

14 925 .00051 in/in

HI  025 .00053 in/in
141100 .0009 (ri/in
Hi 150 .0022 in/in
H 1150-U 1400-. .00037 in/in

1150— .00206 in/in
:1400 + 1150-. .00243 in/in

Data represent single tests from one heat

Importance of Cooling to 90 F (32 C) in Fabricating and
Heat Treating Armco 15-5 PH VAC CE Sta inless Steel
In fabricating Armec 15-5 PH VAC CE stainless, it is important to keep in mind the low
temperatures at which the start of transformation to martensite (M5) and the finish of the
inartensite transformation (Mf) occur. These temperatures are approximate ly 270 F (132 C)
and 90 F (32 C), respectively.

Because of this characteristic, it is necessary to cool parts in process at least to 90 F (32 C) prior
to applying subsequen t heat treatments if normal r~al properties are to be obtained. This prac-
tice is essential to assure grain refinement, and to assure the product will have the good ductili-
ty of which this alloy is capable. Examples of situations where cooling to 90 F (32 C) is an im-
portant step follow:
1) Cool a forged part to 90 F (32 C) after final forging before solution treating.
2) Coolw9OF(32 C) after heat treating at l400F(760 C) prior to aging atll50F(62 1 C) in the

H 1150-M treatment.
3) Cool to 90 F (32 C) after solution treating prior to applying any of the precipitation-

hard ening treatments.

Surface Harden ing
Armco 15-5 PH VAC CE atainles~ steel can be nitrided when increased resistance to galling and
wear is required. An advantage obtained in using Armco 15-5 PH VAC CE stainless rather
than a standard chromium or chromium-nickel stainless steel is that the core is simultaneous-
ly strengthened and toughened during the nitr iding treatment.

Using the gas-phase method, cue hardoesses of approximately Rockwell C67 hav e been oL.
tam ed to a depth of 0.004’ to o.oor (0.1 mm to 0.15 mm). This method of nitr iding utilizes a
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temperature of about 1050 F (565 C) and results in a tough core with a hai-dnesi of about
Rockwell C36. However, nitriding considerably decreases the corrosion resistanes of Armco 15-5 PH
VAC CE stainless (as It does with any stainless itsel). Nitrided Armco 15.5 PH VAC CE stainless
should be i~sd only in mildly corrosive applications.

• Forg ing
Forging is an excellent method of forming intricate shapes of Arinco 15-5 PH VAC CE stainless
steel. Forging blanks should be heated uniforml y to 2150 to 3200 F (1176 to 1204 C) and held at
temp erature at least 15 minutes before forging. On large sections over 3/4’ (19 mm) diameter
or thickness, it is recommended the mate rial be heated for 1/2 hour per inch (25.4 mm) of
thickness at 2150 to 3200 F (1176 to 1204 C) and held for one-half to one hour at temperature
prior to forging. Heating above 3200 F (1204 C) may cause undesirable grain coarsening . The
temp erature durin g the forging operation should not be permitted to drop below 1850 F
(1008 C). The materia l should be reheated in the furna ce when this temperature is reached.
After forgin g, the material should be cooled below 90 F (32 C) to assure complete transforma-
tion. To secure optimum toughness in the final hardened condition , forged parts must first be
put into Condition A by reheati ng to 1875 to 1925 F (1032 to 1050 C) and air cooling (or oil
quenching small simple parts).

Complete forging practices for Armco 15-5 PH VAC CE stainless steel are similar to those
found in the Fabrinating Data Bulletin covering the forging and beat treating of Armco 17-1 PH
and 17-7 PH billets, bars and forgings.

In critical types of upset forgings and hot flattening operations, Armco 17-4 PH stainless steel
may split and rupture . Armco 15-5 PH VAC CE stainless will perform better because it has no
delta ferrite , and minimal directionality .

Weldin g
Sound joints can easily be produced in Arn ico 15-5 PH VAC CE stainless with proper welding
practice. Properties comparable to those of the parent metal can be secured in the weld by
postweld heat treatment. Procedures employed for welding are similar to those ordinarily used
for the austenit ie types, even though the composit ion of Arnt co 15-5 PH VAC CE stainless and
its structure more closely resemble that of a martensitic stainless steel. Any of the arc and
resistance welding proce sses used on the regular grades of stainless steel are suitable for
Armco 15-5 PH VAC CE stainless steel. The most outstanding welding property of this steel is
its ability to withstand welding operations without requiring preheating.

Favorable composition Iccounts for the good performance of Arnico 15-5 PH VAC CE stainless
in welding. The very low carbon content is an im portant feature because it restricts the
hardness of rapidly cooled material and avoids the formation of cracks in the weld metal and
the heat-affected zone of the base meta l. This eliminates the need for pre-heating. While the
Armco 15-5 PH VAC CE stainless base metal shows no susceptibility to spontaneous un-
derbe.ad cracking from weld hardening , it does not possess the high ductility and toughness of
au stenitic Cr-Ni steels. Therefore , it should not be subjected to high levels of biaxial or triaxial
stress from severely restrained weidment s or exposed to notched condition s. Weldment design
should be given the same attention required for any high-strength alloy steel to avoid the con-
centra tion of residual welding stress or reaction stress at square corners, unfused notches and
sharp threads.

- P—416
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In fusion weldin g, it is importan t that consideration be given to proper control of the weld
deposit composition. Filler less welds such U are possible with the Gas Tungsten-Arc and Elec-
tron Beam processes should be avoided . A filler should alway, be added. The addition or use of
W 17.4 PH electrodes and filler material are suggested for weld deposits where mechanical
properties equivalent to those of the parent meta l are needed. Where the weld deposit is not
required to have a strength level equivalent to that of the parent metal , a Type 306 stainless
steel electrode may be used. The information found in the Fabricating Data Bulletin on
Welding Armco 17-4 PH stainless steel will be helpful in welding Armco 15-5 PH VAC CE
stainless steel.

Machinin g
— Armco 15-5 PH VAC CE stainless steel can be machined in either the solution-treated or any of

the heat-treated conditions. One of the important advantages of the alloy is it can be finish
machined in Condition A, then heat treated. Because the final hardening temp eratures are low ,
there is no harmful scaling or diátortion. Design allowance can be made for the predictable con-
traction on hardenin g.

Machining rates for Armco 15-5 P1-I VAC CE stainless steel in Conditio n A are similar to those
for Types 302 and 304 stainless steels. In the hardened condition (H 900) this material should be
machined at 60% of the rate used for Condition A. Surface finishes in either condition are ex-
cellent. Best tool life is achieved from Condition H 1150-M; however , higher cutting forces may
be encountered.

Cutting

In general , the cutting procedures commonly used for the standard chromium-nickel types also
apply to Armco 15-5 P1-I VAC CE stainless steel.

Cold sawing is recommended for cutting bars and forging billets . Hot cutting or abrasi ve whee l
cutting with a large volume of coolant has been used successfully. However , it should be noted
that abrasi ve wheel cutting can cause small surface cracks on the cut face.

Torch cutting Arnico 15-5 PH VAC CE stainless steel requires a process suited for cu tting
stainless steel, such as flux-inj ection , powder cutting. oxy-arc or are-air methods. Since the
heat-affected zones of Armco 15-5 PH VAC CE stainless are not signif icantly hardened or em-
brittled by the localized heat of welding or torch cutting, this alloy offers good possibilities for
oxygen or air torch cutting. Armco 15-5 PH VAC CE stainless bars can be torch cut by flux-
injection or iron powder processes.

D.scalin g
-j Hardening treatments produce only a light heat tint on surfaces. This heat tint can easily be

removed with a few-minute pickle in 10~ nitric-2% hydro fluoric acid (by volume ) at 110 to 140
F (43 to 60 C). This treatment also passivates or cleans the surfaces for maximum corrosion
resistance. Where pickling is undesirab le, heat tint may be removed by electropolishing.

F—4 17 
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Where forging or solution treating is performed, the following pickling method satisfactorily
removes surface scale. The use of sodium hydride or Virgo process to dsscale is limited since
these methods harden .olutlon-tr*ated material.

Table XVI I I
Dssc ling Proc.durss

Time
Temp.

Procedure Acid Isth Temp. F (C) MInutes ~ ins.

Step 1 Caustic Pemisngsrt.ts 160-1bO (71-13) SO Wszer rins.

Step 2 10% Pddric Acid + Hot w iter .
2% Hydrofiuraflc Acid 110-140 (43-60) 2-3 high pressure

w t.r or
brush scrub

In pickling operations, close control of time and temperature is necessary to obtain uniform
scale removal without over-etching.

The most satisfactory method of removing scale resulting from the solution treatment or from
forging is grit blasting. Scale softening methods may be used on material that has been solu-
tion treated (not pickled) and precipitation hardened.

F— 4 18 
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‘I APPENDIX G

STRESS IN THE TRANSDUCER DIAPHRAGM

DUE TO TH ERMA L SHOCK DU R I N G  HEAT TREATMENT

by David S. Wood
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When the transducer body is removed from the furnace and air cooled, the

temperature may differ from point to point within the transducer body due to

the relatively rapid cooling and the finite thermal conductivity of the material.

Such temperature differences may induce significant stresses due to differential

thermal contraction. If these stresses exceed the yield stress of the material ,

at the temperature invol ved, plastic deformation will occur In the transducer

body which may be detrimental to its ultimate operating behavior. The thermal

shock stress to be expected In the transducer body during air cooling from the

solution treatment temperature of 1,900°F is estimated In the following analysis.

The transducer body consists of a thin flat circular diaphragm attached at

- - its periphery to a relatively thick outer ring . The diaphragm portion tends

to cool more rapidly than the outer ri ng because it has a higher ratio of

surface area to heat capacity . Since the diaphragm is connected to the ring ,

heat flows radially inward from the ri ng Into the diaphragm by condution

within the material. This tends to reduce the temperature difference between

the diaphragm and the ring . At the same time, the heat transfer out from the

surfaces of the diaphragm tends to Increase this temperature difference. Thus

the temperature distribution within the diaphragm is governed by the balance

between heat conduction wi thin the material and heat transfer from its surface.
-
‘ In order to estimate this temperature distribution quantitatively, we make

the following simplifying approximations :

1. The heat transfer away from the surfaces of the diaphragm is by

radiation . Thus the amount of heat leaving unit area of surface at

any Instant Is eST4, where e is the emissivity of the surface, S is

the Stephan-Bol tzmann constant and T Is the absolute temperature.

G—420
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At and near the solution heat treatment temperatu re of 1.900°F = 1.3100K,

other mechan isms of surface heat transfe r are neg ligible.

2. We neglect the heat capacity of the diaphrag m due to its small thick-

ness. This leads to an overest imation of the temperature gradient

and the resulting stres ses .

The differential equation which expresses the balance between heat flowing

into and out of an infinitesimal circular ring portion of the diaphragm at

radius r is then

i d  I d T \ _ 2e5 4T ( 1)

where k is the thermal conductivity of the material and h is the thickness of

the diaphragm .

Since the heat loss by radiation is proportional to T4, the maximum

• temperature gradient and resulting stress will occur when the temperature is

still near the initial heat treatment temperature, T0. Therefore we may

• 
linearize the differential equation In the following way:

Let T T~ (1 - ~) ,  (2)

where T <1.

Then T4 T0
4 (1 — 4 ~r )~ 

(3)

where higher powers of i have been neglected. When (3) is employed In (1),

the result is:
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1 d I dr~ 2 1 2
~ ~~~~r~~~j -  B 1  ~ - i - B .  (4)

2 BeST 3
where ~~~ kh (5)

The genera l solution of the differential equation (4) is

T ~~+ A J0(lBr) + BN0(iBr), (6)

where and N0 are the Bessel functions of zero order of the first and

second kinds , respectively, I = ,/T, and A and B are arbitrary constan ts.

Since t must be finite at r 0, while N0(ier) is infinite at r = 0,

we must take B = 0. The temperature of the diaphragm at its periphery,

r = a, Is equal to the temperature of the outer ring portion of the transducer,

Ta i at any Instant. Therefore we have

T = T
a = 1

~~~Ir 
at r — a , (7)

When this is employed In (6), the other integration c nstant is seen to be

1 1
- _ _ _ _— 

J0(1~a) . (8)

Thus the solution , fit to the boundary conditions , is

1 1 J (lBr )
+ 

~~ 
- i-) 

~~~~~~ 
. (9)

Using (2) and (7) in (9), it is easy to show that the difference between the

temperature of the outer ring and the temperature of the diaphragm at radius

r is given by

r J (18r)1
Ta - T (Ta - ~ 

T0) [1 - 

J: I8a J 
(10)
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C learly the maximum temperatu re differences between the out er ring and

/ 
- 

the d iaph ragm occur when Ta T0 when the transducer body 
is first removed from

furnace. Thus the maximum temperature difference is

1 ~ 
J ( iB r ) 1

— I i- T~ [1 
— 30(i Ba)j - 

(11)

The radial and circumferential strains in the diaphragm are

€r =
~~~~

= 0 r
_ \

8
) _

~
1(To

_ T )
(12)

where

u = radial displ acement

E = Young ’s modu lu s

= Poi sson ’s ratio

cx = coefficient of linear thermal expansi on

0r = radial stress

08 
= circumferential stress.

The equation of equilibrium of stress in the diaphragm is

do

~~~~ ~~r - o~ ) = 0. (13)

When equations (12) are solved for 0r and and the results substituted in

(.13), we obtain

~~~~~~~~ 
(ru)] = - a(i + v) ~~ (T

~ 
- T). (14)
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Whe n th is Is I ntegrated , using (11) for (T0 — I). the result Is

11 1,) (IBr)l i 1
u _a(1 + v)~~~

T
o [!

r + pJ
l

(j Ba ,J+~~~
Cr

~~~
D X

~~ 
. (15)

where is the Bessel funct ion of the fi rst orde r , and C and D are integra-

ti on const ants.

The boundary conditions are, first, u 0 at r 0. Therefore , D = 0.

Second , u 0 at r = a, so that

1 r iJ1(IB a) 1
C a(1 +4 i- T~, + 2 

~a J0(i$a ) J (16)

Thus the displacement , fit to the boundary conditions , is

a(1+ v)I
U = 4 8 J ( I B a ) (1J 1(IBa ) ~~~~~

— I J~ ( I 8 r ) J  . 
( 17)

When (17) and (11) are substituted into (12), and the results solved for

the stresses, we find

ciET r IJ (iBa ) IJ (icr)
— 0 

~~~~~~~~~~ 
1 + 11 .

~ 1
— 

iT1~v) [ ‘ “~ aJ0 (i~ a) ‘ 
— 
“ $r J0(i$a)

ciET [ iJ (iBa) J (iBr) iJ (iBr) 1
°e itT~v) [ + (1 + ‘~~ 8aJ0(iBa) 

- ( 1 —  ~ J~~I$a 
- (1 -  BrJ5(i8a )] (18)

Equations (18) show that the maximum stress occurs at the center of the

diaphragm , r K 0, where the radial and circumferential stress components

are equal and given by

ciET I 1J1( i8a)  (1 ) 1
= 4(1-v) [1 

+ (1 + ‘~~ BaJ0(iBa) 2 Jo ( i f l a)j  
(19)
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The necessary numerica l va lues of the materi al properties for 17-4PH

and 15-5PH stainless steels at 1,900°F are obtained by extrapolation from

data at lower temperatures , giv en by Republic Steel Corp., Cleveland , Ohio ,

in their technical bulleti n, “Precipitation Hardenable Stainless Steels,”

1975. These are

E K 20 x io6 ~~
V 0272

K 16.7 x 10 6/°K

k = 30.6 W/m°K,

The Stephan-Boltzmann constant is

S = 5.67 x io’~
8 W/m2(~K)

4,

and the solution treatment temperature is

T0 
= 1,3100K .

The thickness and radius of the diaphragm are taken to be

h = 0.005 ~~ = 1.27 X i0 4m

a = 0.150 in. = 3.81 x 1O 3 rn.

We assume that the emissivity of the diaphragm surfaces is e 1. If the

actual emissivity Is less than one, the actual stress Is somewhat less than

the value obtained below.

When these values are employed in (5), it Is found that

B K 512/rn.
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The difference between the temperature of the outer ring and the center

of the diaphragm is given by (ii) wi th r K 0 , with the result

1~ 
0T0 - ‘ r K O  180 K

4

The corresponding value of the temperature parameter v is

= 0.137.

This shows that the linearizing approximation employed to solve the temperature

distribution equation is reasonable. Finally, the stress given by (19) is

= 58,000 psi.

This stress probably exceeds the yield stress of the material at the

temperature involved (1310-180 = 1,130°K = 1,570°F), so that the diaphragm wi ll

be plast ica lly deformed a slight  amount in tension. Later, when the temperature
has become uniform throughout the transducer body, thi s wi ll res ult in a corn-
pressive stress in the diaphragm. This , in turn , will probably cause a slight
buckling of the diaphragm . Such buckling may lead to nonlinear and/or unstable
electrical output from the f i n i shed transducer under low applied stress.

Thi s thermal shock and resulting plastic deformation of the diaphragm could

be avoided by enc losing the transduce r body in a metal container during heat

treatment.

c—42 6



APPENDIX H

PLASTI C DEFORMATIO N ANALYSIS OF

DIAPHRAG M FOR OV ERPR ESSURE CONDITI ONS

by David S. Wood
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CONCLUSIONS

An analysis of the plastic deformation behavior of the transducer diaphragm

was conducted under motor fi ring or other overpressure conditions . The

conclusion is that a diaphragm 0.005 in. thick and 0.300 in. In diameter made of

15-5PH in the H900 heat treatment conditions will withstand a pressure of at

least 4,650 psi before fracturing . The deflection of the center of the diaphragm

under a pressure of 1,000 psi will be less than 0.0066 in.

The ana lysi s prov ides fo rmu lae w hich may be employed to compute the corresponding

results for other design parameters .

I
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The transducer is design to operate within the range of reversible elastic

stress and strain while it is emplo yed to measure the relatively small stress

In the propellant during sto rage . However , the much higher pressure to which

it 1s sub jected when the motor is fi red will produce plastic or permanent

def ormation of the thin diap hrag m portion of the transducer. If the diaphrag m

were desi gned to react pure ly el astica ll y und er f i r ing pressure , the sensitivity

and long-term stability of the transducer for measurement of prefiring propellant

stresses would be seriously compromised .

The plastic deformation of the diaphragm under firing pressure should be

limited so that the diaphragm does not fracture , because such a fracture might

cause premature ignition of the propellant at the transducer location . The

following is an analysis of the plastic behavior of the diaphragm under firing

or other overpressure conditions which provides information so that the trans-

ducer can be designed to meet this requirement.

For simplification , we neglect the strengthening effect upon the dia phragm

of the central support provided by the rod which connects the diaphragm to the

gage beam . In other words , we neglect the force with which the gage beam tends

to resist deflection of the diaphragm . Thus , we will underestimate the pressure

which will cause fracture of the diaphragm and overestimate the diaphragm

deflection which wil l be produced by a given overpre ssu~-e.

The diaphgragm is deformed plastically into a surface of revolution shown

schematically on Figure H-248. The line AOP is the axis of synrietry and D is

the diameter of the diaphragm . The line AB of length r2 is perpendicu la r to

H— 430
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Figure H-248. Plastically Deformed Disphra gm 17710

the surface of the deformed diaphragm at an arbitrary point B , and is at an

• angle 
~ 

from the syimietry axis. The radius along a perpendicular from the

symetry axis to point B is r0, 0 is the angular position around the symmetry

ax i s , and r1 is the radius of curvature of the deformed diaphragm in a meridian

plane at point B. An infinitesima l element of the deformed diaphragm defined

by angular increments d4 and dO at point B is shown with the forces acting on

it. The latter consist of the force per unit length in the circumferential

direction , N~ , the force per unit length in the meridian direction , N9, and

the applied pressure, p.

The stresses in the diaphragm are

• ~~~~~~ and a0 =~~~~. .(
~

H—43 1
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In the meridian and c ircumferential directions respectively, where h is the

diaphragm thickness. Bending stresses in the diaphragm are neglected because

they become negligible when the plastic deformation exceeds elastic strains

sIgnificantly.

The equation of equilibri um of the diaphragm element in the merid ian

direction

~~~(r0 N,) - r 1 cos~~~N0 = 0 .  (2)

This may be transformed into a more convenient form as follows :

d s = r 1 d~~,

where ds is the dimens ion of the element in the meridian direction. But

cos • ds = dr0~
dr

so that r1 cos ~

Thus, (2) may be written

~~ (r0 N4) - .2. N8: 0 .

Rearranging  thi s and using (1) gives

C
o 

=~~~ — ( r
0 a~,) (3)

Timoshenko , “Theory of Plates and Shells ,” McGraw-Hill , 1940 , p. 358.
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The equation of equilibrium of that portion of the diaphragm extending

from the center out to angle O is~~

2v r0 N~~s in~~~+ R O , (4)

where R is the total axial load in the upward direction . In the present case,

P = -nr0
2p ,

so that (4) becomes

1 pr0
- 

~ ~~ •
Using (1) and the fact that

r
s in  • = _2.

this becomes
ri 2 (5)0

~~~~~p W .

Now we employ the approximations that the material obeys the Tresca or

maximum shear criterion of yielding, and that i t  does not work-harden. Both

of these approximations lead to an underestimation of the pressure wh ich will

fracture the diaphragm , because they underestimate the stresses in the

diaphragm slightly. According to these approximations , one or the other of

the two stress compon ent s o~ and a~, is a constant equal to the yield Stress

of the materia l , V. Equation (3) shows tha t if one of the stress components

is constant , the other is equal to the same constant. Substitution of this

result in (5) then gives

(6)

11—433

55.55-5-— _ __ . ___ .__ _._______ - _________ _ _ _ . _ . _ _ . .~__a__ - ._-5_~_ ___~~ ____ 5’ __



_____________________  ---5.— — 5. ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - - -

i

Since r2 Is independent of position 4 ,  the diaphragm is plastically

defo rmed into a spherical cap whose radius is given by (6).

The total length along a meridian of the deformed diaphragm is

t : 2 r 2 4D ,  (7)

where Is the value of 4 at the outer edge. Thus the plastic strain in the

meridian direction is

r2E, =
~~~

_
~~

2 U._ 40
_ 1 . (8)

The plastic strain In the circumferential direction must be zero at the

outer diameter , and increases toward the center. At the center it must be

equal to the meridional strain. Thus at the center we have an equal biaxial

plastic strain  given by (8) . This is equiva lent to a strain In simple

tension of twice that value. Thus the equivalent plastic strain at the center

of the diaphragm is
r

~ —2. (0)

From the geometry of the deformed diaphragm , we have

Sin D~~~~~

Solving (9) for •D’ substituting the result in (10), and using (6) to replace

r2 gives

sin + ~-E ~~) 

~~ ~~
. - (1’)
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Equation (11) may be solved numerically for the equivalent plastic strain ,

as a function of the pressure parameter ~~
- 

~~~~
. . The result Is shown

graphically In Figure H-249 .

The deflection at the center of the dIaphragm , 6 (the distance OP in

Figure H-i), is given by

6 = r 2 (i-cos 40).

Using (6) and (10), this becomes

(
~~

)

E

_ _  _

~ 0.12

0.: 

0 ~~~~~~~~~~~ . 2 0  4 0.6 0.8
l o pPressure parameter . 
~~ 

-

~~ 

—

~~

Figure H-249, Plastic S rain vs Pressure Parameter
17711
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The pressure, P~. which will fracture the diaphragm , is obtained from

the graph In Figure H-261 by equating the equivalent plastic strain to the

elongation in a simple tensile test. For example, if the diaphragm Is made of

15-5PH stainless steel, heat treated to cond ition H900 so that Its elongation

to fractu re is 0.06, the graph gives the value of the pressure parameter

1 Pf 0
~ 

y— ~ = 0.41.

The minimum yield stress of this material is V 170,000 psi. If we take the

thickness of the diaphragm to be Ii = 0.005 In. and the diameter 0 0.300 in.,

this gives the pressure to produce fracture

Pf = 4,650 psi .

The deflection, 6, produced by a firing pressure of p = 1,000 psi , acting *

on a diaphragm of the same material , and dimensions is found from (12)

6 ’  6 6 x 10 3 in.

Note: For pressures , dimensions , and yield stress of the order of those

employed above, the square of the pressure parameter

11 pD~~YEl

ls much less than one (0.00792 in the above case). Therefore, expanding the

square root in a power series, and neglecting quantities of the order of

and higher, equa tion (12) becomes

H—436
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6 = 1.~
. h—~ 

( 13)

which is more convenient for calculation .

*
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- - he development of a miniatu re cryo-
geni c and standard platinum resis-

- -- tance thermometerline wasundertakenafter
tests of the original model ’ revealed many

~A ~l ~\ ~~ desirable propert ies for laboratory use- .

______________________ Geh ring and Gerst.e in 2 reported that the

/ thermometer could be sufficiently stabil ized
FIGURE 1. Rev Ised dssl 9n for a minia t ur e platinum ‘ for thermodynamic measurements by ther-
sista nce th.rmo m.t.r Imp roves ov erage res idual reli c- mal shockingbetween liquidhelium and room
tonc~ rohO. temperature. They found that the triple .

point -of-water resistance varied by as much
as 0.0043 ohm following initial thermal shock-
Ings, but remained constant to within 0.0002
ohm (0.0005K) alter approx imately 20ther-
ma] shockings.

Johnston and Lindberg 3 reported excel-
lent stability and sensitivity, but detected an

PR ECU S I ON anomal y in the resistance-temperature curv e
below 90K5 Their report indicated that  the

MINIATURE thermometer ’s ice-point resistance had re-
mained constant within 10 parts per million

— P L AT I N LI M over a 12-month period , had about four times
the sensitivity of another commercially avail-

RESISTANCE able platinum thermometer, and met the re-
quirements of the International Practical
Temperature Scale above 90K. However ,THERMOMETERS Johnston and Lindberg also found that the
resistance ratios dropped less rapidly below
90K , thus making It impossible to interpo-

D. A. LUCAS late using the deviation plot method or-
Minco Products, Inc. dina.rily used whe n calibrating below 90K.

Subsequent to these reports, the American
Calorimet ry Conferenc e Committe e on Min-
iature Platinum Thermometer Standardiza-

An improved design has removed an anomal y tion conducted a survey in which a question-
naire was sent to those who had expressedbelow 90K for  the resistance temperature Interest in having available aminiatureplat-curve of a pla tinum RTD. This paper is pub- m u m  resistance thermometer for cryogenic

lished with the perm 188 ion of the ISA, copy- use.
right reserved for  the proceedings (in pre- As a result d the tests, design criteria
paratio n) en titled “Temperature , Its Meas- suggested by the American Calorimetry Con-
tire and Control in Science and Indus try.” ference and other recommendations , the
Vol. 4, ISA, Pittsburgh. thermometer was redesigned , and several

Improvements were incorporate d in twelve
different models to meet the InternMional
Prectical Temperature Scale specifications
for laboratory resistance thermometers.

The following improv ements were made ,
resulting In the revised design as shown
In Fig. 1:ACKNOWLEDGEMENTS

The author wishes to thank B. C. Gersteln, 1. The Int~rn&l &nd header leadw ires were changed
Iowa State University, W. V. Johnston, North to plat inum; therefo re, only platinum exact. in the
American Rockwell Corporation, J. L. Riddle, senalng.element structure .
National Bureau of Standards , A. M. Gold- 2. By using .051 . .025 nd .018mm diameter high-
man and W. V. Webymann , University of pur ity plat inum wire, sensing element s. ot25.5ohrne.
Minnesota , L. G. Rubin , M.I.T. National 100 ohms and 470 ohms at 273 15K. respectively,
Magnet Laboratory , H. G. Terbeek, N.A.S.A. e’e~~ des igned Into mi nssture cases
Lewis Research Center and L. Van Hull, 3. The solder for the case seal was ~han ged to a
Philco.-Ford, for their suggestions and corn- gold-Un alloy , eutecti c at 553K. The t~’iermomet erc ’

meats. upper temperature rat ing thus  has been inc rease d
The au thor wishes to extend a special to 533K 10 permi t calibration at the Un point

thank s to T. H. Herder , Cry oCal, Incor- 4. Case di ameter was reduced to 3. 175mm for
porated , for his technical, materials and call- ph ysical interchangeabil ity with commerc i sily avai l-
brat lon assista nce. able german ium thermometers.
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5.The case material was ch sngsd to ccpper , rather One 25-ohm thermometer changed reals-
than platinum, because d less cost to user and tance downward by .003 ohm during the
greater thermal cn,ducUvtty. first 20 shock cycles, then rema ined stable.
tfle intern al platinum I.adwlras salt through One of the 100-ohm models showed an ap-

a glaa.-to .platin um hermetic hsad.r. parent sh ift of .03 ohm In one of five read-
7. All thsrmom.t.rs were designed for either Tef- lags taken at the ice point.

ion-Insulated stranded copp.r l.ad extension , or The redesign evidently retained the in-
bate pl atinum lasdwtrsa. berent resistance stability reported by Geb-

9. Magnetic materials In the case and b.ader were ring and Gerstein.
replaced. All materials used ate Don-magnetic. Al) twenty -one thermometers then were

9. The .320mm dI ameter platinum leadwires ~~~~~ 
measured for resistance at the liquid helium

fully annealed for increased duc~~ty. point. The resistances obtained were divided
by the final Ice-po int or triple-point reals-10. Th. cases are back-Sh ed with 98% dry helium tances obtained after twenty-eight thermalsad 2% pure orygsn - abockings.

11. All thermometer, are thermally cycled from
liquid helium to upper rated tempera tu re, with re- RESIDUAL RESISTANCEpasted measurements at Sxed temp erature p~.nta
so ver ify quality and stabili ty . The averag e residual resistance ratio for

the redesigned 100-ohm thermometer wasThe basic strain-free element configuration less than half that of the old design (0.000-which had yielded such excellent results 43356 ~s 0.0010146). No design change hadwas not changed. The construction (Fig. 1) been made In the platinum element config-consists of a helical platinum-wire coil In a uration , but a short section of a nickel-helical grooved ceramic support. This struc- cobalt-iron alibi, in the sensing circuit hadthre provides support without restricting been removed. This alloy was used for lead-wire expansion or contraction with temper- wires in the glass-to-metal sealed header inature changes. the original model. The therm ometers ’ re-
Several units of each resistance value sistance v alues below 90K now agree with

were fabricated and tested to verify that the char acteristic values of platinum. hull-
design Improvements were accomplished and cating that the alloy remov al corrected the
to insure required stability and resistance resistance-temperature anomaly detected by
properties for standard thermometers. ’ Joh nston and Llndberg.

Four 25-ohm, eight 100-ohm , and nine47O- There are some differences of opinion as
ohm at 273.15K thermometers were fabri- to what the maximum and minimum residual

resistances should be. but It Is generallycated. All twenty-one thermometers were
tested for repeatability after helium therm al agreed that low residual resistance Is an In-

dicator of element purity, degree of anneal ,shocking . Residual resistances at the helium and strain-free element configuration. Frankpoint were measured and resistance ratios D. Werner 6 Indicates that a platinum ther-from 373.15K to 273.15K were computed.
Two thermometers of the original design mometer typically would have a residual

resistance ratio , R ,7~ ,sK /R C.S K , ofwere brought through the same test program
to compare residual resistance at the helium 1000/1. All twenty-one thermometers had

residual resistance ratios greater thanpoint. A 100-ohm thermometer was calibra- 
~~~~eted from 4.2K to 100K. The calibration re-

sults were useu to determine U resistance ALPHA COEFFICiENT
values could be interpolated pertheLP.T.S.- ~~ other measure of merit of a platinum
68 formulas from 13K to 273.15K. thermometer Is the a lpha coefficient. The

Repeatability after helium thermal shock- alpha coefficient of 21 thermometers tested
lags was first tested to verify that the re- was greater than the .003925 mInimum re-
design had not affected resistance stability. qui re d by the I.P.T.S.-68.

A 100-ohm (at 273.15K) thermometerwas
Seven thermometers were measured at calibrated In small increments from 4.2K to

the triple point of water and the balance at 100K , usin g cert ified germanium thermo-
the Ice point before any thermal cycling. The meters as calibration standards. The resi-
units then were cycled between room ambient dual resistance at 4.2K of the platinum ther-
and liquid helium, allowing sufficient time at momete r exactly repeated the .045-ohm re-
each temperature to stabilize. Resistance sidual measured approximately one month

$ measurements were repeated at the water earlier. Resistance -temperature curv es for
triple-point and Ice-point after 15 , 20, 26 and th is thermometer were plotted as shown in
28 cycles. Figs. 2 and 3 from the calibration data in

There was no pattern of significan t resis- Table 1.
tance change from 0 to 28 thermal shock- The calibration data was checked by com-
ings. Nineteen sensors repeated resistance put ing the dR /dT and d2 R ‘dT 2 , and cx
withi n measurement .qu ipme nt accuracy . smining the computed values for smooth -
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ness. The measured values conform closely ass
to computed values. A dR , dT plot from 4.2K
to 2OK i.s shown ln Flg. 4. —

There was concern as to whether the phen -
omenon known as “scattering” would occur.
It had been suggested that wire smaller than —

.076mm In diameter would have a limiting ef- I’”
fect on the mean free path of electrons re-
suiting In electron surface scattering. This
surface scatter ing effect would be evidenced
by a knee In the rsslstance-temperature
curve somewhere below 20K , followed by a
considerable flattening of the cur ve below
this discontinuity point. No such discontin-
ulty ii noted In calibration data for the 100-
ohm the rmometer , which is plottedfrom 4.2K 

___________________________

to 20K in curve form in FIg. 2. Neitl’ter do a • a
the ratios of resis tance , R 373. ~~~~~ R 4.2K TWSWV~~ ~~)

Indicate any unexpecte d flat tenI n~ ci the FIGURE 2. Resistonce vs temperotu re horn 4.2k
characteristic values. The ratios average ,~ 20k for 100-ohm at 273.15K thermo mst er .2200/1, 2200/1 and 1800/1 for the test
thermometers having element wire diame-
ters of .051. 025 and .018mm, respe ctively .
These are well above the 1000/1 ratio that
Werner suggest s is typical of a platinum U

thermometer.
Resistances near the fixed point. defined U

by the Internationa l Practical Temperature
Scale of i968~ were taken from the test
data , and ratios at these pointe were corn-

• puted to obtain ~ W(T ~~ ). A FORTRAN 
~program was written for a computer to solve j

for the constant s In the deviation functions ~as defined for the four parts of the temper-
ature range from 13K to 273.15K by the
I.P. T.S.-68.

The FORTRAN program was also written
to Interpolate ~W(T ) at all Intermediate __________________________

temperatu re s between the fixed points se - 00

lected from the test data. The ratio devia- TINPI~~IYI00 0)

tlons were then algebraically added to the FIGURE 3. Resista ~~. vs tem perature horn 5K to
tabulated values W cc,-.s. (Tu ) frorn l.P.T.S. 100k for 1 00-ohm .1 273.15k thermome ter.
-68. The resulting sums were multiplied by
the resistanc e at 273.15K for the calibrated
thermometer.

The computed resistances from the For- ~~tran program and formulas of I.P.T.S.-68
were compared with the actual measur ed
resistance values. The deviations in the four
parts are shown in Table II. Measured dat a
of a greate r degree of accurac y is needed to .00

determine U closer correlat ion can be rea li-
ed.
Extrapolating from 273K , the computer

table value at 273.16K would hav e been
100.080 ohms. This was exact ly the value
measured at the triple point of water.
273.16K.

Several potential difficultie s were noted in
using the I.P.T.S.-68 Interpolatlonformulas
for calibration below 273.15 K. The fourpoly-
norrdals and thirteen coefficient. make the 005 0)

• use of a computer Imperat ive if derivation FIGURE 4. dR/ dT plot ohms per K elv in ) os a
of a table for a pa rt icular the rmometer Is fu nct ion of tempera tur e (K); values de rived fro m

desired. Use ci expanded ratio tables may first differ .nc .s of Table 1 dot..
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TABLE I -- CA L IB RATION DATA TABLE II -- RESISTANC E AND EQU I VALENT
• TEMPERATURE DIFFERENCES $ETVECN MEASURED

T AND I.P.T,,S.-68 INTER POLAT ED VALU E S

gavIN ~~16 mvis ~~~~

• 4.25 .045 22.00 .580 _____ 

tO 2C*~ ?A~ 3: 33K to 90K

5.00 .046 24.00 . 790 ~~ ~~~~ 
.~~~!. 

OL~° T (K) ~~g* Ø~g**

3.50 .046 26.00 1.046 13 0 0 55 0 0

6.00 .047 26.00 1.351 14 0 0 60 —.006 — .0146

6.50 .049 30.00 1.703 15 0 0 65 0 0

7,00 .053. 32.00 2.106 16 0 0 70 +.01.O +.0234

7.50 .054 34.00 2.554 17 0 0 75 0 0

8.00 .057 36.00 3.048 18 0 0 80 0 0

8.50 . 059 38.00 3.583 19 +.00] +.015 85 0 0

9.00 .063 40.00 4.335 90 0 0

9.50 .066 45.0 5.752 
P,A~~ 2: 20K to 55K

10.00 .07]. 50.0 7.530 T (K) 01* ~~~ ** PA~~ 4: 9CW to lOOK

T (K) OR* ~~~g**

11.00 .082 55.0 9.444 20 0 0

12 .00 .096 60.0 11.457 22 0 0 90 0 0

13.00 .113 65.0 13.53 24 0 0 95 — .01 — .023

14 .00 .136 70.0 35.64 26 0 0 100 — .01 — .023

15.00 .164 75.0 17.79 28 0 0

16.00 .198 80.0 39 .96 30 + .0O1 +.0051 AR C : Resistance
difference , ohm.

17.00 .240 85.0 22.13 32 0 0
£K* : Eq~aivalen t

3.6.00 .289 90.0 24.30 34 +.002 +.0083 temp. difference ,
kelvin

19.00 .347 95.0 26.48 36 +.002 +.0076

20~00 ~~~~~ 1flG 0 9R.AS 38 +.005 +.0177

40 + .01O +.0332

45 + .008 +.0234

50 +.004 +.0172

_____ 0 0
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be used instead , but this will assume that 3. Thermal shocking. as an integral part
the particular thermometer follows th, table of the manufacturing and testing of each
ratios exactly. thermomet er resu lt In Improved stability.

The fixed temperature point. requ ired for 4. The miniaturized platinum therrnome-
determination of the thirteen coefficient v.1- ters are dImensionally Interchangeab le with
ues are Impossible to re alize with most test commercIally available germanium thermo-
systems. Since each cithe fourparts depend s meters, permit ting wider range of temper -
on the next higher part of the temperature ature measuremen t with essentially the
range, it Is not possible to calibrate for only same test set-up .
part 1, for instance, without determining co- 5.The small size cithe thermometers and
efficient. for parts 2, 3 and 4. It Is probable the relat ively high thermal conductivity of
that many users and manufacturers will have the case material result In faste r response
to find alternate means to calibrate , to temperature changes In comparison with

Thermometer time response was measured most larger standard thermometers.
In water flowing at 3 feet per second. The 6. HIgher resistance elements in the m m -
single time constants, 63.2% of the temper- lature thermometers ~‘Ield increased sensi-
ature change , were found to be typIcally 5.5 tivlty over the conventional 25-ohm titer-
seconds, 3.5 seconds and 2.5 seconds for the mometers.
25 ohm, 100 ohm and 470 ohm thermo- 7.The higher resistance elements may
meters , respec tively. The slower time COD- permit use ci platinum thermometers to
stant of the 25 ohm unit was due to an 18~ lower tempera tu res than heretofore . The
stainless steel extension soldered to the ther- resistance -temperature curve of the 100-ohm
mometer case. thermometer Is effectively flat below 6K,

To determi ne the inductive effects when with the first effective resistance change of
using the thermometer with an AC brIdge , 0.004 ohm occurring between 6K and 7K.
a 100 ohms at 273.15K thermometer was From 6K to 13K resistance increas ed by
measured for Inductance. The Ind uctive re 0.066 ohm, or 250% over the residua l re-
actance, X -2v  fL, was deterrnlned aridused sistance of 0.045 ohm at 4.2K.
to compute the total Impedance, Z ’ ( X 2  + 8. Residual resistance as a percent ci Ice

• at temperatures ci 13K and 273. - poInt resistance is somewitat lower than
- anticipated. Of 21 thermometers tested , all

Weyhxnann and Goldma n, Department Ci 
~~~~~ less than 0.07% residual resistance at

Physics, Universi ty Ci Minnesota, measured 42}~, with some as low as 0.04%.
the inductance to be in the 20 to 30 ,~H
range at 10k Hz . Using the 30 j i M  induc- 9. The phenomenon known as “scattering”

tance value , the Inductive reacta nce at 60Hz does not appear to be of significance in tern-
was computed to be 0.0113 ohm. Assuming perature measurement with platinu m wIre
that the inductive reactance Is relatively in $5 small as .025mm in diameter. This may
dependent of temperature, the total Impe- extend to wire as small as .018mm in din-
dance was computed to be 0.113564 ohm at meter, but more work is needed to ver ify.
13K and 100.0000006 ohms at 273.25K for Indication, are that the mlnlature platinum
a thermome te r which has 0.113 ohm and thermometers described in this pap er show
100.00 ohms of resistance at the respective considerable pro mise as precision temper-
temperatures. ature sensors for laboratory work. Their

The degree to which the inductive effect. effectiv eness and utility will be determined
would be objectionable In using the ther- U they become more widely used and evalu-
mometer with an AC bridge would depend at.d In var ious applications.
on the accuracy of measurement desired, on
brid ge fre quency, ..nd on whether the induc-
tive re acta nce can be cancelled Inth ebr idge 1. MInco Model S 1059.network.

3. ,. D. Gebzicl and B. C. Gsrststo. Rev. Sd~ Insu.Results of work to date that appear of 35, 210(1967),most interest and sIgnificance are:
1. The redesign to all-platinum Internal 8 W. V. Joknctom and C W. L&ndbsrg, R.v. Sd.

leads and eiement str’ uctur ehasremo vedth e ~~~~ ~~ 12(1968 ),

f anomaly in the resIstance-temperature curve 4. D. A. Luca s and B. K O Brien, Minco Products,
below 90K. Incorporated. Minasapoli. Minnesota, Test B.-

2. The resistanc e-temperature char acterts- port 306~
tic ci the redesig ned thermometer closely 6. F. D. Werner , Temperature , Is. M.asursment and
follows computer-derived values, including Control ~ Science and Indusuy (Reinhold Pub-
those based on formul as of LP.T.S.-6$. Func- UShing CarporsUca N,w York. 1962), VoL 3,

• tions more practicable to use than thc~~ ci Part 2.
1.P.T.S.-68 are needed for platinum ther- $. Metrologla, V~L 5, No 2, AprIl 1969. The Inter-
momster calibration below 273.15K. , narIcoal PracrIcal T.~nperatvr. Scale ci 1968.
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NAVAL AIR REWORK FACILITY
NAVAL  AIR STATION

NORTH ISLAND
SA N  D : C G Q  CAL. :F OSN:A

~~~~~~ ~~ tandurd~ ~ ahora th rg ~t gpe 1.
• 

~ eport øf Olalibr atin u
FOR

• TEMPERATURE MEASUREMENT SYSTEM

SUBMITTED BY:
United Technologies , Chemical Systems Division

1050 East Arques
Sunnyvale , California

Manufacturer : John Fluke Manufac tur ing  Company
Model : 8800 A Digital  Mult imeter
Serial : 90986

Manufacturer : Minco Products , Incorporated
Model : S 1059—2 Platinum Resistance Thermometer
Serials : 229 through 233

This temperature measurement system consists of a d igi ta l  mul t imeter  and f ive
platinum resistance thermometers. The system was calibrated using the 200 ohm
range of the multisneter. Using this multimeter  the current through the plat inum
resistance thermometers will vary The 100 ohm current  level is approximately
0.8 mA,

Temperature measurement accuracy is limited by the mul t imeter.  The manufac tu re r s
ninety day accuracy is ± 0 0 3  ohm on the 200 ohm range . This is equivalent  to
0. 08° C.

Calibration constants are included wi th  the at tached tables , as are the test
measurements in ohms (Ri through R4) and the test  temperatures in ° C (Tl throug h—
T4) The test temperatures can be correlated with the test temperatures reported
for  the individual plat inum resistance thermometers in Report No. UT—l through
UT-5 -

Plat inum resistance thermometer , Serial No. 229 , was subjected to three ca l—
b r a t i o n s  The a t t ached  tables include all  three ca l ibra t ions  but  the  f i r s t  and
second calib rations are for  informational  purposes only The third c a l i b r a t i o n
is recommended as most valid .

_ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

AMBI ENT TEMP 23° C P R E P A R E D  BY. J F Ber lan~a

R E L A T I V E  HUM~ DITV  ~~~ APPROVED BY: _____________________

REPORT NO. UT—6

DAT E 13 Jun 1977 RESUB MISSION DATE 13 Jun 1979
I Iwq .NsvAI ~~tw oak .A c - l o eoc / I  s a V  4 -7~mck 1-449
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TDWERATURE MEASUREMENT SYSTEM
FLA 8800 A Digital Ilult imeter Serial 90986
M IN S 1059—2 , Serials 229 through 233
REPORT NO. UT-6

This sys tem calibrati on is valid only with the inultimeter and the rm ometers as
are identified above . Also , the user must take into consideration the limiting
accuracy of the mult imeter .

The uncertainty of the test temperatures as reported in each table is less than
0.01°C. The pertinent IPTS —68 formulas are given in the discussion on the follow-
ing pages.

1

S

I
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TABLE
FOR

PLATINUM RESISTANCE THERN OMETER

CALIBRATED TO IPTS—68

SERIAL NUMBER 229

THIRD CALIBRATION

(RECOEQ4ENDED)

4
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NAVAL AIR REWORK FACILITY
NAVAL AIR STATION

NORTH ISLAND
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~~ e~tern ~~tandar d~ ~~~~~~~~ ~ gpr 1

~ eport of Qlalibr ation
FOR

PLAT I NUM RESISTANCE THERMOMETER

SUBMITTED BY:
United Technologies , Chemical Systems Division

1050 East Arques
Sunnyvale , California

Manufacturer : Minco Products , Incorporated
Model : S 1059—2
Serial : 229

This thermometer was calibrated for use with continuous cur rent of 1.0 mA
through the resistance element. Three calibration s were performed and the
following values were found for the constants in the International Practical
Temperature Scala of 1968 (IPTS—68) formulas:

FIRST CALIBRATION
CONSTANT VALUE

Alpha (a) 3.926262 x
Delta (6) 1.431287
A~ 2 .947974 x
c~ 2.000000 x 10 (assumed)
A 3 .982458 x l0-~
B — 5.619608 x

100.3617 c~

SECOND CALIBRATION

Alpha (a ) 3.925076 x lO~
Delta (

~~~) 
1.495486 7

— 8.905346 x l0~~
C~ 

— 3.298749 x icr
A 3.983775 x lO~
B — 5 869896 x

100.3629 i~

AMBIE NT TEMP 23° C PREPARED BY: ‘~~

‘
. F. Berlanaa —

RELATIVE HuMIDITY 43% ~~~~~~~~~~~~~~~
A PPROVED SY: C. C. KuIlmann ._

REPORT NO. UT—i

DATE 13 Jun 1977 RESU SM ISSION DATE 13 Jun 1979_
I t N D - P 4 * v * I f l I W e N K~~*C.I 5OO~ ,I ~.I V. 4-~?~mck
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PLAT INUM RESISTANCE THERMOMETER
MIN S 1059—2, SERIAL 229
REPORT NO. UT-i

THIRD CALIBRATION

• CONSTANT VALUE

Alpha (a) 3 .924682 x l0~~
Delta (6) 1.513814
At, — 1.284834 x
Ci4 2 .000000 x lO ’~ (assumed)
A 3.984094 x 1O~~
B — 5.941238 x lO~~
R0 100 3649 c~

The values given for  the f i r s t  and th i rd  cal ibrat ion were determined from
measurements nea r 0.01°C , 25° C , and 50°C. Values given for  the second cal—
brat ion were determined from measurements near 0.0 1° C , 100°C , 200° C , and — 195° C.
The uncertainty of the measurements at the test points, expressed in temperature ,
is less than 0.01° C.

The first and second calibration constants and tables are included for  inform-
ational purposes only During calibration the R0 resistance changed by the
equivalent of 0.008°C. Therefore the third calibration is recommended because
it  ref lects  the most valid values at the time of the test In addition , the R( ,
as of this report , is stable , with no significant  d r i f t .  The last measurement of

• R 0 being 100 .3646 ohms .

Calib ration constants are included with  the attached tables , as are the test
measurements in ohms (Ri through R4) and the test temperatures in °C (Ti through T 4 ) .

The pert inent  IPTS—68 formulas are given in the discussion on the following pages .
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LATIN U M RESISTANCE TH E RMOMETER
MIN S 1059—2 , SERIAL 229
REPORT NO. UT—i

The actual temperature of th~’ test points was determined by a standard platinum
resistance thermometer recently calibrated by the National Bureau of Standards.

-rh~ value of R0 is given in this Report although precision temperature determina-
tions with any thermometer should be based on a value of R0 determined with a
bridge that is to be used. (Reference NBS “Notes to Supplement Resistance
Thermometer Reports on the I PTS — 68 . ”)

Temperatures between 0°C and 630. 74°C on the new IPTS—68 are defined by the
indications (resistance values) of.standard platinum resistance thermometers and
the following expressions~

:1 t = t ’ + M(t’) (1)

1 R
t ’ — — 

~~ 
—1) + 6 (-j-~~ —1) ~~ 

(2 )

M(t’) .045 
~~~~ ~1OO 1) 

~4l9.58 
‘~ ~63O.74 

~~~~

whe re t is the temperature, at the outside of the tube protecting the platinum
L resis tor , in °C on the IPTS of 1968 and R

~ 
and R are the resistances of the

pla t inum resistor at t ° and 0°C respectively, meLured with  a continuous
cur ren t  through the platinum resistor. The value of this current and the
values of the constants a and 6 found for this thermometer are given on the
previous page. The value of M(t’), - given by expression ( 3 ) , is the same for
all thermometers and is a function only of the quant i ty  t ’ . The addition of
the small value represented by (3) serves to make the IPTS—68 conform more
closely to the thermodynamic scale than can be done with only the simple
quadratic of expression (2).

An alternate form which is completely equivalent to expression (2)  is

Rt — R (1 + At ’ + Bt ’2 ) (4)

In some instances expression (4) is less d i f f i c u l t  to calculate than (2 ) .  The
constants A and B used in (4) are related directly to a and 6.

A a (1 + 6/100) (5)

B — a 6 / l O~ (6)

CAU TION : The values of A , B , and 6 on the new 1968
scale are distinctly different from the corresponding
value s on t he old 1948 or 1927 scale. The values of
a and R are also different but only trivially so.

T emperatures below 0° C on the new 1968 scale are calculated using a standard
reference table which gives values of R

~
/R for a fictitious “mean” standard

thermometer. This reference table and a specified deviation equation are combined
to give the values for a particular thermometer. The standard reference table

9b .1 1-454
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REPORT NO. UT-i

used for  IPTS—68 is refer red  to as the “CCT—68” table .  I t  is convenient to use 
- 

-

t he symbol W~ in place of R f /R . For the special re ference  values of R
~

/R
tabula ted  in CCT—68 the special symbol W~* is used . The table giving valu ~ s of
W~ fo r  a par t i cu la r  thermometer from 0° C down to —182.962°C may be calculated
f rom the following expressions ,

• ~~~ = A~, t + C~ t 3 (t  — 100) - (8)

Express ion  (8) is the specif ied deviation equat ion in the range 0° C to —l 82.~h2’C.
The cons tan t s  A . and C~, to be used in expression (8) for  th i s  p a r t i c u la r  the rmomete r
are given on the f i r s t  page .

A table  calculated from the constants fo r  this thermometer  is on the fo1lowir~
pages. The f i r s t  column of the table gives values of t empera ture . The second

• col umn gives R
~

/R0 ( i .e . , the ra t io  of the resistance at the  s ta ted  tempera tu re
to the resistance at the ice po in t) .  The th i rd  column gives the inverse (reciproca l )
of the d i f f e rence  between successive values in the second column . These rec iproca l
f i r s t  d i f fe rences  are included to fac i l i ta te  interpolat ion.  The error  introduced
b y us ing  linear interpolation will  be less than 0.0001° C.

The values s t a ted  are computed and pr inted by machine . Although the tables are
made w i th  care , cost and time do not permit checking every value ac tual ly  printed.

The s tandards  u t i l i zed  by the Western Standards  Laboratory are traceable to standards
ma i n t a i n e d  by the Nat ional  Bureau of Standards or by the U. S. Navy .

At tachmen t :  Table consisting of
cover sheet  and of
measurements.

9~. - -

1-455

— - 
—__-~— -- - — ——,—— ---s- ~~~~~~~~ — .  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—a- --  • _



~~~~~~~~:
— - -

PLATINUM ~ C S I $ Y A N C ~ YMERMO HETER SER NO. 2290000

ALPPi A~ 0.39246819663E 02 DELTAR 0.151301’sL+01

A4 . 0.12b4834E OS C4~~ 0.2000C00E 13

A . O .39e40,4E•o2 8.0.5911236E 06

R O s  0 .1 0 0 3 64 9 ( 4 0 3

Ri. 0.t003669E~03 TI. 0 . 0 1 0 0

R2~ 0 .1103 26 0 (403 T 2~ 25 .0045

R3. 0.12 u22oo E~+i) 3 T3~ 5 O .C ~279

R4 u  O . o 0 O O o o o ~~+00 T4~ O.000C
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PLAT INUM Rt~S1STANCE IMERMOME1ER C A L I B R A T I O N  T A b L E  SER NO. 229u0~.0

fl.M P .  R E S I S T A N C E  INV ERSE TE MP. RI ~S I S T A N C E  IN’l t .NSI
DEG.C R A T I O  0 1FF D E G . C  R A T I O  0 1 F F

50 .  0 . 7 9 9 1 7 7 4  2 4 6 . 9 3  0.  1 . 0 0 0 C 0 0 0  2 5 Q . - 8 8
49.  0 . 6 0 3 2 2 5 7  2 4 7 . 0 2  1. 1 . 0 03 S 8 5 3  2 5 C . V 2
48 .  0 . 8 0 7 2 72 6  2 4 7 . 1 0  2 .  1 .0 0 7 9 6 9 3  2 5 1 . 0 U

.47 O 8 U 3~~~1 2 4 7 , 1 8  3. 1. 0 1 19 52 1  2 5 1 .0 8
46 .  0 . 0 1 5 3 62 3  2 4 7 . 2 7  4 .  1 . 0 15 9 3 3 6  2 5 1 . 1 6
45. 0 .819 4 051  2 4 7 . 3 5  5. 1. 0 1 9 9 1 4 0  2 5 1.2 ”

•4~4.  0 . 8 2 3 4 4 6 6  2 4 7 . 4 3  6.  l . 02 3 e 9 3 0  2 5 1 . 3 )
= 4 3 .  0 . 8 2 7 4 8 6 8  2 4 7 . 5 1  7. 1. 0 2 7 8 7 0 9  2 5 1 . 3 9

42.  0 . 8 3 1 5 2 5 6  2 4 7 . 6 0  8,  1 . 0 3 1 8 4 1 5  2 5 1 . 4 7
41. 0.8355631 2 4 7 . 6 8  9.  1. 03 5 82 2 9  2 5 1 . 5 5
40. 0.8395992 247.76 10. 1.0397970 2 5 1. 6 3

3 9 .  0 . 8 4 3 6 3 4 1  2 4 7 . 8 4  11 .  1 . 0 4 3 1 6 9 9  2 5 1 . 7 1
=3 6 .  0 . 8 4 7 6 6 7 6  2 4 1 . 9 2  12 .  1 . 0 4 7 7 4 1 6  2 5 1 . 7 8

3 7 .  0 . 8 5 1 6 9 9 8  2 4 R . O o  1 3 .  1 . 0 5 1 7 1 2 0  2 5 1 . 0 6
3~~. 0 . 85 5 73 06  2 4 8 . 0 9  1’~, 1. 0 5 5 66 1 2  2 5 1 . v 4
3 5.  0 . 8 5 9 7 60 3  2 4 8 . 1 6  15.  1 . 0 5 9 s 4 9 2  2 5 2 . 0 2
34. 0,8637885 248.24 16.  1 .0 6 36 1 59  2 5 2 . 1~.~
33 .  0 . 8 6 18 1 5 5  2 4 8 . 3 3  17.  1 . 0 6 7 5 8 14  2 5 2 . 1 7
3 2 .  0 . 8 1 18 4 1 2  2 4 8 . 4 0  1 8 .  1 . 0 7 1 5 45 7  2 5 2 . 2 5

— 31. 0.8756656 248.48 19. 1,0755087 252.3.~
3U. 0.8798887 2148.5o 20. 1.0794705 252 .41

•26. 0.8839105 248.64 21. 1.0834311 252.46

~b . 0.887931 1 2148 .72 22. 1 .0873905 252 .5?
27. 0.6919504 248.80 23. 1.0913486 252 .64
26. 0.6959684 248.86 24. 1 .0953055 252 .72
25. 0.8999852 248.95 25 . 1.0992~~12 252 .~~e
•24. 0.9O4~ 006 249.04 26. 1 .1032156 252.0w
23 . 0,90801149 249.11 2 1.  1.1071688 252 .96
22, 0,9120279 249.19 28. 1.1111208 2t ,3 .Q~
21. 0.9160396 249.27 2~~. 1 .115 0716 253.12
•20. 0.9200500 249 .35 30. 1,119)211 2 53 .19
19. 0.9240592 249.43 31. 1.1229694 253.27
18. 0,9280672 249.51 32. 1.12 6’~t 65 253•35
17 . 0.932073 9 249.58 33. 1 ,1308624 253.43
16. 0.9360194 249.66 34. 1.1348010 253 .51
15. 0.9400837 249.74 35. 1 .1381504 253.59
14. 0.9440861 249.81 36. 1 .1425926 25~~.6Y
13 . 0.91460865 249.8, 3’. 1.1466336 253.? ’,

12 . 0,9520890 24~~.91 3 8 ,  1.~~5 Q 5 7 3 4  2 5 3 . 8 2
11 . 0.9560884 250.0’~ 39. 1.1545119 253.9~

•10 .  0 . 9 6 0 0 8 6 5  2 5 0 . 1 2  4 0 ,  1 . 1 5 8 4 4 9 2  2 5 3 ’ 9 0
9. 0 .9640833  2 50 .20  4 1. 1 .1623853 2 5 4 . 0 6
8 .  0,9680760 2 5 u . 2 ?  4 2 .  1 . 1 6 6 3 2 0 2  2 5 4 . 1 ’
7 .  0 , 9 7 2 0 7 3 4  2 5 0 . 35  4 3 .  1 . 1 7 02 5 3 8  2 5 ” • ~~~= 6 .  0 . 9 7 6 0 6 6 5  2 5 0 . 4j  4 4.  1. 1 7 ’4 1~~62 2” ’ 3 -

~~~. 0 . 9 80 0 56 5  2 5 f l . 5 C  45 .  i . 1 1 8t 1 7 4  25 4~~3~
4 •  0 . 9 84 0 4 92  250.59 46.  j . U 2 0 4 7 4  254. ’i 5
3. 0 .9880387 250.66 14 1.  1 . 1 8 5 9 7 6 2  25~~’. 3
2.  0 . 99 2 0 2 7 0  250 .73  ‘48 . 1. 1899036  2 5 4 . 6 1

•1 .  0 , 9 9 6 0 14 1  2 5 0 . 8 1  49. 1.1938301 25’4.69
U. 1.0000000 ~5e.R e 50. 3.1917552 25 ’ •~~’
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PLATINUM RESIST ANC E T HERM OMETER CALIBRATION TABLE SER NO. 22900o0

TE MP . RES IST ANCE INVE R S E TE MP. R LS I ST AN C E IhVt. P~b~DEG.C RA TIO 01FF C E G . C  RATIO 01FF

50. 1 . 1 9 7 7 5 5 2  2 5 4 . 7 7  100 .  1 . 3 9 2 4 6 8 2  2 5 8 . 7 5
5 1 .  1 .2 0 1 6 7 9 1  2 5 4 . 8 5  1 0 1 .  1 . 3 9 6 3 3 1 8  2 5 8 . 8 3
52 .  1 , 2 0 5 6 0 18  2 5 4 . 9 3  102,  1 . 4 0 0 1 9 4 1  2 5 8 . 9 1
53 .  1. 2 0 9 5 2 3 3  2 5 5 , 0 1  1 0 3.  1. 4 0 4 0 5 5 3  2 5 8 . 9 9
54.  1 , 2 1 3 4 4 3 5  2 5 5 . 0 9  104.  1 .4 0 7 9 1 5 2  2 5 9 . 0 7
55.  1 . 2 1 7 3 626 2 5 5 . 16  105 .  1 . 4 1 1 7 7 4 0  2 5 9 . 1 5
56.  1 . 2 2 1 2 6 0 4  2 5 5 .2 4  106.  1 . 4 1 5 6 3 1 6  2 5 9 . 2 3
57 .  1 . 2 2 5 1 9 7 0  2 5 5 . 3 2  107 .  1 . 4 1 9 4 8 7 9  2 5 9 . 3 1
Se.  1 . 2 2 9 1 1 2 4  2 5 5 . 4 0  108 .  1 . 4 2 3 3 4 3 1  2 5 9 . 3 9

4 56 .  1 .2 3 3 0 2 6 6  2 5 5 . 4 8  100 .  1 . 4 2 7 1 9 7 1  2 5 9 . 4 7
60. 1 . 2 3 6 9 3 9 6  2 5 5 . 5 6  110 .  1 . 4 3 1 0 4 9 9  2 5 9 . 5 5
6 1 .  1 . 2 4 0 8 5 1 3  2 5 5 . 6 4  1 1 1 .  1 . 4 3 4 9 0 1 4  2 5 6 . 6 3
6 2 .  1 . 2 4 4 7 6 1 9  2 5 5 . 7 2  1 1 2 .  1 . 4 3 8 7 5 1 8  2 5 9 . 7 1
6 3 .  1 , 2 4 8 6 7 1 2  2 5 5 . 8 0  1 1 3 .  1 . 4 4 2 6 0 1 0  25~~. i 9
64. 1.2525794 255.88 114. 1.4464490 259.08
65 .  1 .2 5 6 4 8 63 2 5 5 . 9 6  115 .  1 .4 5 0 2 9 56  2 59 .~~t
66.  1 . 2 6 0 3 9 2 0  2 5 6 . 0 4  1 1 6 .  1 , 4 5 4 1 4 1 5  2 6 0 . 0 4
67. 1.2642965 256.12 117. 1.457965S 260,12
66. 1,2681998 256.19 118. 1.4618291 260.2 0
66. 1,2721018 256.27 119. 1.4 6 567 1 1  2 6 0 . 28
70. 1.2760027 256.35 120. 1.4695120 26u.36
11. 1,2799024 256.43 121 , 1.4733516 260.14’
72. 1.2838008 256.51 122. 1.4771901 2 6 0 . 5 2
73. 1.2876980 256.59 1 2 3.  1 , 4 8 1 0 2 7 3  2 6 0 . 6 u
74.  1 .2 9 1 5 9 4 1  256.67 124. 1.4848634 26C.be
75. 1.2954889 256.75 125. 1.4686983 26~~.76
76. 1,2993625 256.83 126. 1.4425319 26~ .~ 5
77. 1.3032749 256.91 127. 1. 4 90 3 6 4 4  26C,93
ie. 1.3071061 2 5 6 .9 9  128. 1 .5001957 2 6 1 .0 1
79. 1.31 1056 1 257 .07  129. 1 .5040258 2 6 1 .0 9
80. 1 .31494 49  2 57 . 15  130. 1,5078 548 2 6 1. 17
8 1 .  1 . 3 1 8 8 3 2 5  2 5 7 . 2 3  1 3 1 ,  1 . 5 1 1 6 8 2 5  2 6 1 . 2 5
82. 1.3227189 257.31 132. 1.515509C 261.33
83. 1.32660141 257.39 133. 1.5193344 261.41
84. 1.3304881 257.47 13’e . 1.5231585 261.50
65. 1 . 3 3 4 3 7 0 6  2 5 7 . 5 5  1 3 5 .  1.~~2 6 9 8 1 5  2 6 1 . 5~
6 6 .  1 . 3 3 6 2 5 2 4  2 5 7 . 6 3  1 36 .  1 . 5 3 0 8 0 3 3  2 6 1 . 6 6
87. 1.3421328 257.71 137. 1.5346239 261.74
86. 1.3460119 257.79 138. 1. 53 8 44 3 3  2 6 1 . 0 w
89.  1 . 34 9 88 9 9  2 5 7 .8 1  1 3 9.  1 . 5 4 2 2 6 15  2 61 . 90

90. 1.3537667 257.95 140, 1.546078~ 261,~ b
9~~. 1. 3 5 7 6 4 2 2  2 5 8 . 0 3  14 1 .  1 . 5 4 9 8 9 4 4  2 6 2 . 0 ?
9 2 .  1 , 3 6 1 5 1 6 6  2 5 8 . 1 1  1 4 2 .  1 . 5 53 7 0 9 o  2 6 2 . 1 5
93. 1.3653897 258.1~ 143. 1.557522’ 262.23
94. 1,3692017 258.27 144. 1.5613347 26�.al
95. 1.3731324 256.35 145. 3.5651456 262.iv
9o. 1.3770020 258.43 146. 1.5669557 262.47
97. 1.3808703 258.51 1147. 1.5727645 262.56
98. 1.3847375 258.59 148, 1.576572( 262.06
99 . 1.3 886034  258.67 1~ 9, 1.5803783 262.72

I’M.. 1.3924682 258.75 150, 1.58141835 262.8
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NAVAL AIR REWORK FACILITY
NAVAL AIR STATI ON

N O R T H  I S L A N D
~~A N D I E G O ,  C A L ~FORN~*

~~e~tern ~~tundu rds ~taborator g ~ gpe 1

~ epart of Ola litir ation
FOR

PLAT INUM RESISTANCE THERMOMETER

SUBMITTED BY:
United Technologies, Chemical Systems Division

1050 East Arques
Sunnyvale , California

Manufacturer: Minco Products , Incorporated
Model : 5 1059—2
Serial : 230

This thermometer was calibrated for  use with continuous current of 1.0 mA
through the thermometer. The following values were found for the constants in
the International Practical Temperature Scale of 1968 (IPTS—68) formulas :

CONSTANT VALUE

Alpha (ci) 3.925688 x lO~~
Delta (6) 1.480910
Ak — 2 .790979 x icr~~
C~ 2 .000000 x 1T 3 (assumed)
A 3.983824 x icr

7
B — 5.813589 x ~cr
R 100.3399 p

0

The pertinent IPTS—68 formulas are given in the discussion on pages 1-454
and 1-455. -

The values given were determined from measurements near 0.01°C, 25° C , and 50 ° C.
The uncer ta in ty  of the measurements at the test points , exp ressed in tempera ture ,
is less than 0.01°C.

AMBIENT TEMP 23 °C P R E P A R E D  s~Ø~”J. F. Berlar&a

R ELATIVE HUMIDITY 43%
APPROVED BY C. G. i(ullmann

REPORT NO . UT- 2

DATE 9 Jun 1977 RESuBMISSION DATE 9 Jun 1979
IND-NA VAP. EW O.Rr AC . I000 C . , I RE
mck 1-460
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PêIIAT IMUN fl$I$TANCE THERI4QNtTER SER NO. 2300000

Al. PHA. O .39256877021E 02 DELTA ’  0 .148091 UL. + L 1

A4’~0.Z’TVO9T9 O6~~~ 
- C4. O.2000000t 13

AS 0.3963624E 02 
-— 

•..O.S$ 13Sb9EbO6

RO’ 0 .1003399 t +03

WI. Q.1OU343,t Iff 5 TI. 0.0100

________________ 
R2a O,1103019f+03 12’ 25.0129

k3. o .12QI920E +03 13’ 5 0 . 0 2 8 3

RI’ O.0000000E+00 - 
14. 0 . 0 0 0 0  

- - 
1-461
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‘ ,t,*~zwu~ *isu .~cs ~isuiiitns .~ ssat:.~ ~~~ st~ Ni!
TEMP. IESISTANCE INVt *$E TCMP , RISII TANCE IN VERSE

•AT IO OX~’F 0E$.C RA TIO 01FF ’

‘10. •.?J sl,lt too.st j 1.0000IOo ..JSU’82
- 

•49. 0.$b 3176* 246.96 1, 1.0039850 250.94
‘40. 0,6072243 247.04 2. 1.0079688 251.02
47. 0.6112709 247.12 1. 1.0119514 251.09
46. I.I153W1 B~~ff 4. 

-- 

£.0199326 151.17
•$3. 0.$1~ $$9~ $11.29 S. 1.0199129 251.25
~~4. 14*31 $4 $4Ti37 6. 1.02369*9 251.32
‘43. 0.0274436 247.45 7. 1.0278696 251 .40
‘42. 0.6314634 247.S~ 6. 1.0318461 251 .48

- 
41. 0’63552 24T . _ ~ - .. - - 9~. 1.0358215 . ...251 f 55

‘40. 0.6)95390 *41.70 10. 1.0397956 251.63
‘39. Q.S139949 *47.16 11. 1.0437665 251 .71

30. 0.6476294 2.4TiIj _ j2. 1.O417~ Qi --  
251.76

37. 0.6516626 247.94 13. 1.0517106 251.86
‘36. 0.6556944 248.03 14. 1.0556799 251 .94
‘35. 0..G,~ V.fl1 ...... ..I4h.10 . - - -  .~15. 1.0596460 . 252 .01
‘34 . 0.663 7541 240.18 16. 1.0636140 252 .U9
‘33. 0.6677023 *46.2? 1?. 1.0675805 252 .17
‘32. 0.671609p 146.34~_ _  ~~~~~~~~~ 1.Q7 t 5449 .~~_2S2.~~4‘31. 0 .8756344 248.42 19. 1.0755082 252 .32
‘30. 0.8798585 248.50 20. 1.0794702 252 .40
‘29. 0.86381LL .29*,5b . _-_ -_  _21. - 1.0634311 252 .14?
•28. 0.8679030 248.66 22. 1.0873907 252.55
‘2?. 0.6919232 248.14 23. 1.0913491 252.63
‘26. ~~~~~~~~~~~~~~~~~~~~ 24. 1.0953064 252.70
‘25. 0.8999601 248.89 25. 1.0992624 252 .78
‘24. 0.9039765 248.98 26. 1.1032172 252 .80
‘23. 0.9079917 ~~~~~~  27. 1.1071706 252 .93
‘22. 0.9120057 249.13 28. 1 .1111232 253.01
‘21. 0.9160185 249.21 29. 1.1250745 253.09
‘2.0. 0.9200299 249.29 30. 1,119.0.245 .~~253 !16
‘19. 0.9240401 249.36 31 . 1.1229733 253.2k
•1b . 0.9280491 249.44 32. 1.1269209 253 .32
‘17. 0.9320561 ..j49..52 .33. 1.1308674 253’3~
•16. 0.9360633 249.59 34. 1.1348126 253~ 47
‘1%. 0.9400686 *49.61 35. 1.1387566 253.55

_____________ - - 36. - 1.1426994 253.02
13. 0 .9460 754 249.82 37. 3 . 14 6 6 4 1 1  2 5 3 . T u
‘12. 0.9520770 249.90 38. 1.1505815 253.78
‘11.. 0.956Q1t3~~ . j4.9~~9) - 39.  1.1545208 2 5 3 . 86
‘10. 0.9600164 *50.05 40. 1.1584588 253 ’93
‘9. 0.9640743 250.14 41. 1.162395 7 25 4 .0 1
‘1. 0.9610709 250a21._.~ ._ .~ _ ._~.42. 1.166.33.1i .._..25*.09 .
‘7. 0.9720663 250.29 43. 1.1702658 254.16
‘6. 0.9760605 250.37 44. 1.1741990 254.24
•51 p .91o0935 25O.44 _ ..____~._.._ 45~ 1.1781311 254.32
‘4. 0.9640452 250.52 46. 1.1820620 254.4ta
‘3. *à9160357 250.99 47 .  1.1859917 254•47
‘2. - 0.9910250 250,6? _

~~~~.48
_._ 

.. 1.1099202 25~~ S - .

•1. 0.9960131 250.15 49. 1.1936475 254.63
0. 1.0000000 250.82 50. 1 . 19 7 7 7 3 6  2 5 *.7 u
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PLATINUM REs ISTANCE TNCRNO METCR CALIBRATION TABLE 5CR NO. 2IoouuO

TEMP. RESi STAN CE INV ER SE TEMP. RLSIST ANC ( IN V C K S~
DEG .C NA11Q~ . - ~~G .C ~A TI0. 0 1FF

/

10. 1.1977736 2~4.1c~
_
~~~

_ __.j0Q, . .J.3925~Jê 
j58.60

5 1. 1,2 0 16965  2 5 4 . 7 8  101 .  1.3964346  258 .66
52. 1.2 0 5 6 2 2 3  254 .86  102.  1 . 4 0 0 2 9 9 3  258 .75
53. ~~~~~~~~~~~~~~~~~~ . - 103, 1.40*1626 258.63
51. 1.2 1 346 61 255.01 104. 1.406025 1 258.9 1

- :  55. 1 .2 173 663  255.09 105. 1.411 8863  256.99
______  56. 1.4~~3o53 2 S ~ .17 - .  106. 1 .4 1 57 4 6 3 .. 259. 07

57. 1.2252231 255.25 107.  1. 4 1 9 6 0 5 1  2 5 9 . 15
58. 1.2291397 255 .32  108 .  1 . 42 3 4 6 2 7  259’~~3
59.t I.t2i3U5~~L . . ...2S5.40 109,  1.42 13 192 2 5 9 .3 t
60.  1 . 2 3 6 9 693  2 55 . a8  110.  1 . 4 3 1 1 7 4 5  2 5 9 • 3 °
61 .  1 . 24 0 8 8 2 3  2 55.56  1 1 1 .  1.4350287 259.46

— ... ia. 1.2 44L9.4L~~~2 55 .O3  112. 1.43 888 16  . 25~~’5”
63 .  1 . 2 4 8 7 04 6  255.71 1 1 3 .  1 . 4 4 2 7 3 3 A  2 5 9 . 62
64.  1 . 25 2 6 1 4 3  255 .79  1 1 4 .  1 . 4 4 6 5 8 4 1  2 5 9 . 7 0

. 5 . .~ .1.256522 6 .. 255.~~~~
7 1 1 5.  1.4504335 259.78

66. 1,2 6 0A 2 9 7  2 5 5 . 9 1 4  116. 1 .1542818  259 . 60
H 67. 1.2643356 256.02 117 . 1.4581289 259.93

_____ . 6., _..1~~26e24 04  ~~ . 2 5 6 . lu  118 .  1. 4 6 1 9 7 4 9  2 6 0 . 0 1
69. 1.2721439 256.18 119. 1.4658 196 26 C . ij 9
70. 1 .27604 63  256.25 120. 1.4696633 2 6 0 . 17
TI. ..Ij .Z?994?5 ._ 256.33 121. 1.4135057 2b J.~~5
72. 1.2 838475 256.4 1 122. 1.4713470 2 6 w . 3 3
73. 1 .2877463 256 .4 9  123. 1.48 11871 260 .0 1

— 74 _ 1.29 16440 256~~57 124 . 1. 4 8 5 02 6 1  2 6 0 . 4 4
75. 1.29554~~~~

4 256.64 125. 1 .4888636 2 60 .5?
76. 1.2990351 256.72 126. 1.4927005 260.65

__ .
~~~

_ lJ..~~. ...1t3 O3 3298 2 5 6 . 8 o  127 .  1. 4 9 6 5 3 5 9  - 2 6 0 . 7 3
76. 1. 3 0 7 2 2 2 1  256.~~8 128 .  1 . 5 0 0 37 0 2  2 6 0 . 80
79. 1 . 3 1 1 1 1 4 4  256 .95  129.  1 .5042033  2 6 0 . 66

— .._ — 80. ..it31.50050 2 5 7 . 03  130.  1. 5 0 8 03 5 3  2 6 0 . 96
81. 1.3186944 257.11 1 3 1 .  1 .5 1 1 8 6 6 0  261.04

62.  1.3 2 2 7 8 2 6  2 5 7 . 19  1 3 2.  1 . 5 1 5 6 95 7  2 6 1 . 1 2
1.t.3266696 .257 .27 133. 1.5195241 261 .2Q

64.  1 .3305 554  2 5 7 . 3 4  1 3 4 .  1. 5 2 3 3 5 1 4  2 0 1 . 2 6
65. 1 . 3 3*4 4 0 1  2 5 7 . 4 2  135 .  1. 5 27 1 7 7 6  2 6 1 . 3 6
86a~ . . . . . i .3.383235~~. 257.50 136 .  1. 5 3 1 0 0 2 5  2 6 1 .o ’e
87 .  1. 3 42 2 0 5 8  25 1.58  137 . 1 . 5 3 4 8 2 6 3  2 b 3 .~~~
88. 1.3460870 257.66 135. 1.5386490 261 .6-

____ - . _ . 8 9 e _. .i~ 34996 69  .257.74 139. 1 .5424704 261.06

90. 1,353 8457 251.~~1 140 .  1 .5 4 6 2 9 08  2 6 1 . 7 6
91 .  1 . 3 5 7 7 2 3 3  257.~~9 1 4 1 .  1 .5501099  2 6 1.~~4

__ .. .92~_ . i~~36.I599l ... 25 7.97 1*2. 1,5 539279  2 6 1 . 92
93.  1 . 3 6 5 4 7 5 0  2 5 8 . 0 5  1 o3 .  1 .557 7441  2 6 2 . O u
94.  1 . 3 6 9 3 4 9 0  2 5 8 . 1 3  1 4 4 .  1 . 5 6 1 5 6 0 4  2 6 2 .0 6

- ~~1i3732219 .25 5 .20  145.  1 .5653749 2 0 2 . 16
96. 1 .3 7 10 9 3 6  2 5 6 . 2 b  146 .  1 . 5 6 9 1 8 6 3  2 6 2 . 2 1 4
9?. 1. 3 8 0 9 6 4 2  2 5 8 . 3 6  147.  1 .5130004 2 6 2 . 32

~~~~~~~~ 
1.38.48.335. 256.*’. 1 1 4 8 .  1. 5768 115  262. ’” ’

99. 1. 3 6 8 7 0 1 7  2 5 8 . 52  j4 ~9.  3 . 5 8 0 6 2 13  2 6 2 14 e
100. 1.3 9 2 5 6 8 8  258 .60  150.  1. 5 8 4 4 3 0 0  2 6 2 . 5 t
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N A V A L A I R  R E W O RK  F A C I L I T Y
N A V A L  A I R  S TA T I O N

NOR’T 14 ISLAND
$*N ~~~t G O

~~~~~trrn ~~~tnn4 ur dB )laboni torg ~~gpe 1

~Report of OJ alibratinn
FOR

PLATINUM RESISTANCE THERMOMETER

SUBMITTED BY:
United Technologies , Chemical Systems Division

1050 East Arques
Sunnyvale , California

Manufac ture r  Minco Products , Incorporated
Model : S 1059— 2
Serial : 231

This thermometer was calibrated fo r  use wi th  cont inuous current  of 1.0 mA
through the thermometer. The following values were found for  the cons tan ts  in
the International  Pract ical  Temperature Scale of 1968 (IPTS—6 8) fo rmulas :

CONSTANT VALUE

Alpha (cz ) 3. 926115 x icr 3

Delta (ô) 1.504525
1.479797 x lO’~~

C~ 
2.000000 x l0’~~ (assumed)

A 3.985 184 x 10~~
B 

— 5.906936 x 10~~
R
0 

100.3101 Q

The pertinent IPTS—68 formulas are given in the discussion on page s 1-454
and 1-455.

The values given were determined from measurements near 0.01°C, 2S°C , and 50°C.

The uncertainty of the measurements at the test points , expressed in temperature ,

is less than 0.01°C.

_ _ _ _ _ _ _  

~~~~~~~tAt~~~~7I(~
AMB I ENT TEMP 23° C P R E P A R E D  BY J. F. Berlan~a

RE L A T I V E  HUMIDITY 43%
A P P R OV E D  BY C. G. Kullmann

REPORT NO. UT—3 _______________

• DATE 9 Jun 1977 RESuBMISS IOP4 DATE 9 Jun 1979
I IP4D .NAvA i~~IW O~~~ AC 1O Q OC ~ 

¶ 
~~C V
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— PLATINUM ILI1&T*S~~ ~$fI$0$IC~ft 1fL NQj 1H.IOQ0 - -  - -

AL PNAS 0.)9261141797E 02 DELTA S 0.1504525L+G1
_______  - -

~4j~I14-y$7,fle~~ 
- 

C*U 0.2000000E 13

_ _ _ _ _ _ _  - 
i•.O.s,O~~_)._g.o6 

RO . 0 .1 O03 10 1E~~03

I ~~~~~~~~Rts o,1003ITIIt 03   tie Q.0100

_____  

R2$ ~~~~~~~~~~~~~ T2~ 25.0129 
-

R3~ 0.1201608E•03 13~ 50.0283

R4~ o.0000000 L 4ôO 
. 

T4• 0.0000

_ _ _ _ _ _ _  ___

~~~~~~
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PLATIN UM REIIITANC E THERMOM *i !RATI~~ T*~j .~~J(R ~c. 2 3 0

TE MP. RE SISTANC E INVER SE TEMP. RE SIST ANCE INVER SI
OI.G.C RA T IO _ _ ! i!! .  - ~~~~~~~~~~~~~~~ - -. - -  

0 1FF

~so. 0.7991057 246.85 - ~~~~~ _ ~~cOoO000 _.25’~~79
•49. 0.803 1555 2 4 6 . 93  1. 1.003986* 2 5 0 . 8 6

48. 0 .8072038  247 .02  2. 1.00 79715  2 5 0 . 9 3
_________  

4 7.  o.6112508 2j!.,lo 3. 1.0119554  251.01
46. 0.5152964 247.16 4. 1 .0159361 2 5 1. 0 9
•45. 0.819340? 247.27 5. 1.0 199195 2 5 1 . 1 ?

________  
•44. 0.e23~3836 247.35 - 

6. 1.0238997 2 5 1.24
.43. 0.8274252 247.43 7. 1.0278787 251 .32

42. 0 .8 3 14 6 5 4  2 4 7 .5 1  8. 1 . 0 3 1 8 5 6 4  2 5 1 .~~
___ . __ __~~~41J . 0.8335QA L_~~ 2.4T.i.59 9, 1 .0358329  25 1. 4 e

40. 0.8395 41 9 2 47.67 10. 1.0398082 251.55

39. 4.8435782 247. 75 11 ,  1 .0 43 78 23  25 1 .63
________

~~

_

~

Ab

~ 

0.8476112 ....147.e4  12. 1.0477551 2 5 1.7 1
37 .  0 . 8 5 1 6 4 6 8  2 4 7 . 9 2  13 .  1 . 0 5 17 2 6 7  2 5 1 . 7 9
36. 0.8556791 248.00 14. 1.0556971 251.80

... ....~~35e Q....C 5.9 7101 - 2 4 8 . 0 T  15. 1.0596663 251.94

•3*. 0.8637398 248 .lo 16. 1.06363*2 252.02

33. 0.8677682 248.24 17. 1.0676009 252.10

- - 
•.32 . . 0s811t953 - . 148.31 18. 1.0715664 252-~~1t
31. 0.8758212 248.4(~ 19. 1 .0755307 252 .25

30. 0 .8 7 9 6 4 5 7  24 8 . 4e~ 20 .  1 . 0 7 9 4 9 3 7  2 5 2 . 3 3
- ~~29. 

_ .~~~~t038690 
_2 4 8 . 5 5  21 .  1 .0 8 3 4 5 5 5  2 5 2 . 4 1

28.  0 .8 8 7 8 9 1 0  2 4 8 . 6 3  22 .  1 . 0 8 7 4 1 6 1  2 5 2 . 4 9
27. 0 . 8 9 19 1 17  2 4 8 . 72  2 3 .  1 . 0 9 13 7 5 5  2 5 2 . 5 7

~~~~~~~~ 

~ao, .~~~,J9~911.1 2 4 8 . 7 9  24 .  1 . 0 9 5 3 3 3 6  2 5 2 . 0 k
25.  0 . 8 9 9 9 4 9 4  2 4 8 . 8 7  2 5 .  1 . 0 9 9 2 9 0 6  2 5 2 . ? ~
2 4 .  0 . 9 0 3 9 6 6 2  2 4 8 . 9 5  2 6 .  1 . 1 0 3 2 4 6 3  2 5 2 . 6~.

- . 23 . ._ O t .90?9119 ..249.02 2?.  1. 107200 8  2 5 2 . b 6
— 2 2 .  0 . 9 1 19 9 6 4  2 4 9 . 1 0  2 8 .  1 . 1 1 1 1 5 4 0  2 5 2 . 9 6

2 1.  0 . 9 1 600 95  2 4 9 . 1 8  2 9 .  1 . 1 1 5 1 0 6 1  2 5 3 . 0 3
..._~~c. 0.i200214. _ _ .249.26 - 30.  1. 1 1 9 0 5 6 9  2 5 3 . 1 1

—19. 0.9240320 249.34 31. 1.1230065 25 3 .19
16. 0.9280414 249.42 32. 1.1269549 253.27

_~~~_.~~~~~ ll* Q~..9..32D49S .249 .49 33. 1.1309021 253.35
16. 0 . 9 3 6 0 5 6 5  2 4 9 . 5 7  34. 1.1345481 253.42

•15.  0 . 9 * 0 0 6 2 2  249 .65  3 5 .  1 . 1 3 8 7 9 2 8  2 5 3 . 5  
_!14i_~~ 0.t4 4Q 666 .2 49,72 3 6 .  1 . 1 4 2 7 3 6 3  2 53 .~~b
•13 .  0 .9 4 8 0 6 9 9  2 4 9 . S u  3 7 .  1 . 1 4 6 6 7 8 6  2 5 3 . 0 0

12 .  0 . 9 5 2 0 7 1 8  2 4 9 . 8 8  3 5 .  1 . 1 5 0 6 1 9 7  2 5 3 . 7 1.
—— . .~~~ 11.. - _ .0.. 9560726 ...249.95 39. 1.1545596 2 5 3’b l

10. 0.9600722 250.03 40. 1.1584983 253~~~~
9

9• 0 . 9 640 7 0 4  - 250.11 41. 1.1624357 253 .97 

~6. .~~~~6~~4~1~~~250.16 42. 1.1663720 25~ ’05A 

~~ 0.9720634 250.26 43. 1.1703070 254 .13
6. 0 . 9 7 6 0 5 7 9  2 5 0 . 3 4  ‘$4, 1 . 1 7 4 2 4 0 8  2 5 4 . 2 1

- -  . .!5. ... . 0 ,150.~5I.4 _25.0.41 45.  1 , 1 7 8 1 7 3 4  254.2e
4. 0 .98*0435  250.50  46 .  1 . 182 1 0 4 6  2 5 4 . 3 6
3. 0.9860344 250 .57  *7. 1 .1860350  25~~’44

~~~~~~~~~~~~~~~~~ 0 .99~~0242 ....2SQj .64 46.  1 .1699640  2 5 4 . 52
• •1. 0.9960126  250 .72  *9. 1 . 1 9 3 8 9 1 ?  2 5 1 4 . b L

0. 1 .0000000 250 .79  50.  1 . 1 9 7 8 1 83  2 5 4 . 6 8

- 
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?~~~~H 1~~~~ L~~~~1U ..5*kIIR ~~TiQN DILL sIR ~~~~. 2310040

TEMP. RES ISTANCE INV ERS E TEMP. R ESISTANCE INV ERS E
DEIIC ~Ajj0 - DI _ ...~ ~~~ RA T ~ Q .. . D IFF.

~~~~ .1.16?1i$3 254.4J — -  . 100, .1,J1H111. ._..218,63
51. 1,2 0 1743 6 254.75 101.  1.3 9 6476 8  2 5 6 . 7 1
52. 1.20 56676 2 5 4 , 8 3  102.  1.400341 0 2 S8 ’79
21i__ J422! }9Pi .~~.154~~.91  10k . 1.4042039 258 .87
14. 1. 2135 124 254.99 104. 1.4060657 25 8.95
-U. -1.1114129 255.07 105. 1.4119262 2 5 9 .03
.54. -1.1113311 1SS.1j _ _ _ . .10Ø. .~~ J ,4 I~~70~~ .~~~ 259 , 11 -.

57. 1.2252703 255.23 107. 1.4196438 259.19
56. 1.2291872 255.30 108. 1.4235008 259.27
39. i.231iQ.2 9.._~~ .~~~.38  109. 1.427.3566 ~~~59.35

60. 1.2370173 255.46 110. 1 .4312112 259’43
61. 1.2 4093 06 255.34 111 .  1 .4350647 25 9. 51
62. 1.2 446 4Zt ...j~ 5,12 ~~~~. .112i 1.4.3091.69 ..2~ 9.5S
63.  1.2 4 87535  255 .70  1 1 3 .  1 .4 *2 7 6 8 0  2 5 9 . 6 ?
64.  1. 2 52 6 6 3 2  2 5 5 . 7 8  1 1 4 .  1 . 4 4 6 6 1 7 8  2 5 9 . 7 5
65. 1.256 5fl~~ . 255.&6  .115. . 1. 4 5 0 4 6 6 5  .259.83
66. 1.2604789 255.93 116. 1.4543140 259.91

67. 1 . 2 6 4 3 8 4 9  2 5 6 . 0 1  1 17 ,  1 . 4 5 8 1 6 0 3  2 5 9 . 9 9
68. 1.2652897 236.,.Q.9  118. ~ .i.462~~05I - .26 0 . 07
69. 1 .2721934 256.17 119. 1.4658494 260.15

70. 1.27~~0958 256.25 120. 1.4696921 260.23

71. 1~~2L-;-97
_Q
~~....Z56,33 - - . .121. 1.473533~~ 

2 6L .31

72. 1.2 8 3 8 9 7 1  2 5 6 . 4 1  1 2 2 .  1 . 4 7 7 3 7 4 1  2 6 0 . 3 9
73.  1. 2 8 7 7 9 5 9  2 5 6 . 49  1 2 3 .  1 . 4 8 1 2 1 3 2  2 6 U . 4 7
74. i.29169 .__j56.57 124. 1.4850512 260.55

75. 1 . 2 9 55 8 9 9  256.65 125 .  1 . 4 8 8 8 8 8 1  2 6 0 . 6 3
76. 1.2994852 256.72 126. 1.4927237 26u.71
77. 1.30~ 3L~..2._ . ....256.8o 127. 1.4965581 260.79
78. 1.3 0 72 7 2 0  256.So 128. 1.500391* 260.87

- 79. j .31j1637 256.96 129. 1.5042235 260.95

so. 1. 313o541._.j 5t ...o.4 130. 1.5060544 .2.61.04
81.  1 . 3 1 8 9 4 3 3  2 5 7 . 1 2  1 3 1 .  1.5118841 261.1k
62. 1 . 3 2 2 8 3 1 3  2 57 . 2 0  13 2 .  1 . 5 1 5 7 1 2 6  2 6 1 . 2 0
R~~. 1.~ 2~ 7..182 - .257.28 1 3 3 .  1 .5 195400 2 6 1 . 2 b
64. 1 . 3 3 0 6 0 3 8  2 5 7 . 3 6  1 3 4 .  1. 52 3 3 6 6 1  2 6 1 . 3 0
85. 1.3 3 4 4 8 83  2 5 7 . 44  135 .  1 . 5 2 7 1 9 1 1  2 6 1 . 4 4
56. Aa 3353 11.5 ._ 257.52 136. 1 .5310149 261.52

87. 1.3422536 257.60 137. 1.5348375 2~..1.0L

88.  1 . 3 * 6 1 3 4 4  2 5 7 . 6 8  1 38 .  1. 53 8 6 5 9 0  2 6 1 . 6 8
89- 1 a 3 ~~0~ -1.4 .2 -2 5 7 4 7 5  139. 1 .5 4 2 4 7 92  2 6 1 . 76
90. 1.3 53 8 9 2 5  2 5 7 . 83  140.  1. 5 4 6 2 9 83  2 6 1 . 8 4
91. 1.357 7698  2 5 7 . 9 1  141 .  1.550 1162  2 6 1 . 9 2

— 92~ 1~~16t6459 .___25i.99 142.  1.5539.329 .262 .01
93.  1.3 6 5 5 2 0 7  2 5 8 . 0 7  143. 1.5577464 262.09

94. 1.3693944 258.15 144. 1.5615628 262.17

95. 1.3732669 ._ ._2.58.2.3 t~~5.. 1.565.3759 .262.25

96. 1.3 171382 2 5 8 .3 1  146.  1 . 5 6 9 16 7 9  2 6 2 . 3 3
97. - 1 .38 10083  2 5 8 . 3 9  147.  1 .5 7 2 9 9 8 7  2 6 2 .4 1
IA. _1435&5 17.2. ..__2..5.&*.17.-_ -_ . .  148. 1.5768084  262 .49
99. 1.3867450 258.55 149. 1.5806168 262.57

100. 1 .3926115 258.63 150. 1. 5 8 4 4 2 4 1  2 6 2 . 0 8
_______________________________- 
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NAVAL AIR REWORK FACILITY
NAVAL AIR STATION

NORTH ISLAN D
SA~.~~~ - E ~~~o C & f O ~~~~~*

~~~t~ttrn ~~~tand ard ~ !~iabo r~thr~ ~ gpt 1

~RepL1rt of Qialibra tion
FOR

PLATINUM RESISTANCE THERMOMETER

SUBMITTED BY :
Uni ted  Technologies , Chemical  Systems Division

1050 East Arques
Sunnyvale , C a l i f o r n i a

M a n u f a c t u r e r :  Minco Products , Incorporated
Model : S 1059—2
Serial : 232

This thermometer was cal ibrated fo r  use wi th  cont inous  cu r r en t  of 1.0 mA
through the thermometer.  The fol lowing values were found for  the cons tan ts  in
the In ternat ional  Practical  Temperature Scale of 1968 (IPTS—68) fo rmulas :

CONSTANT VALUE

Alpha (a) 3 .926852 x
Delta (is ) 1.435639

8.855078 x 10 ’

C4 2.000000 x 1O~~~ (assumed)
A 3.983228 x l0 .
B — 5.637544 x 1O~~

’
R 100.3246 c~0

The per t inent  IPTS—68 formulas  are given in the discussion on pages 1—454
and 1-455.

The values given were determined from measurements  near 0.01° C , 25° C , and 50 °C.
The uncer ta in ty  of the measurements at the test points , expressed in temperature ,
is less than 0 .01°C.

_ _ _ _ _ _ _  

9~:AMBIENT TEMP 23 °C P R E P A R E D  B Y :  . F. Berlanga

$ R E L A T I V E  Hu MIDITY 43% ? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

APPROVED BY C. G. K)lllmann
REPORT NO. UT—4 

_______________

DATE 9 Jun 1971 RESUB M ISS ION DATE 9 Jun 1979
I I N O - N~~ ~~A I A t~~.Ol , F A C - 1~~~o o C I ~~L V  -

mck 1-470

L - _ _ _ _ _ _ _ _ _ _ _ _ _ _

____________________ — _~___ _ . _~ .& k. . ~~~~. - -



_ _ _ _ _ _ _ _  
- -- -

~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PLATIN UM RESISTAN CE TNIR$O$(TER SEP p
~O. 2320000

A~~P~P44 I 0 ,1~ 1b8S23n76~ .Q 2 DEL T A ’  0 ,~~t 13Sb3~~F,01

Aol 0 6$SSOTOE.ob CO’ 0.20000001.31

A ’ 0,3~s3Ue1.0? bs.0,Sb3YSSoE .ob

NO. •.100)V4 b~ eo.S

RI. 0.10032861.03 TI. 0.0100

w as o. Il oa Soe E+o 3 y2’ 2S .O129
R~ s 0. 1?0175 Z~ i03 T I. 50 ,02~ 3

PSI. 0.00000001400 TOi 0.0000

j
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AO A0?3 660 UNITED TECI*404.OOIES CORP SUNNYVALE CALIF CHEMICAL SY —ETC F/s 9/i
DC OEVELCflWNT OF IMPROVED NORMAL STRESS TRANSDUCERS P00 P0OPt—ETC (U) F
aPi 79 £ C FRANCIS , R £ THOMPSON. W E 001045 FOkSii—75—C—0042

UNCLASSIFIED CSD—2S$6—FR—VOc—2 AFRPL—TR—79—3*—VOL—2 I
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11111’ .25 MII~ ~~
MICROCOPY RESOLUTION TEST CI4~~T

NATKI~AL BUREAU OF STAN DARD5-I963-~1.



pLAt INUM RtSI$TANCI tNt0MO$tT~ft CALI.~AtION tAI~t $tq NO, 2520000

~~~~~ •t$I$?ANCI INVCN$r TtNP. ~~$1$TANCI Iwvr RsE
DtG.C NA7IO DIPI DE~ .C NAT lO DIFF

•50, 0,7990609 •4o,eo 0. 1.000,000 250.75
•0,, o, 0o31 *~~) p

~o,$9 1 , 1.0039800 150.98
so. . o,$~flbba 144,97 1, i,0O7~b77 251.05
.17, ,.e1*eIbs 1a~.oS s• l.o*l~ ac.3 2 , iS
•04, 0.0*51825 ~a7,i. a, ~.o1S,3o7 251,20
5$5, •,S~93oTh ~4?,fl 5. i.oi”ioa 251,1?
•40 , 0, 023351* 247 .30 4. 1.0230119 231.35
•13, •,~~73~35 207,30 7, 1,0278665 ~3~,aa•02, •,S3*~~3aS 201,01 6, 1,0311025 251,50
sal. •,I)5a7l~I ia? ,ss ~~, 1.o)~e17s es~.s’•00. s, niaa l0, ,6) *0, i,03’7’ls 251,85
.;9• •,8a35o95 207,70 11, 1,00SY6Oo lSi,72
•S8, 0.0073052 ~I7,79 12. 1.0077355 251,7’
.57. 1,03*6*93 147,67 13. 1.0317059 251.87
‘Sb. 0.0334525 ea?,95 Ia. 1.0556750 251.90
— 35. o.Ss’.6a) 246,03 iS, 1.0596’430 2S1,02
.341 , O,$o37*08 206.11 16. 1,0636096 252,0’
.53, 0,0677039 100,19 *7, *,0675755 252,17
‘31, 0.0717717 100,27 16. 1,0715)” 132.2
•31. 0.8757083 240,35 1~ , ~,0755o3~ 252.31
•30. 0,$79823b 200,43 20, 1,0790850 252.3°
•?9. 0,8658474 246,51 21, 1.08341163 252,44
—a,. o,l0707~a 248.39 22. 1,0673061 232. 54
.27, 0.0918916 248.47 n. i.o’uoai 152.61
‘28, •,$95912o 248.74 24, 1.0953022 252,09
‘25, o,89993o9 246,82 25, 1.0992585 2S2 ,1~•ao, O,~o39085 Z4$,Q0 26, 1.*03213b 2S2.~~•23. 0,~07~b~’ 246,98 27, *,1071o7o 252,91
.12, 0,91*9601 109,05 28, 1.11*1204 232.99
•2*, O.91S9900 249,10 29, l,1*5072o 253.06
.20, 0,9200086 209,21 30, 1.1190215 253.15
•19, 0,9140180 249,29 31. 1.12297*8 153,21
.18. 0,9200281 249,31 32, i,*2o9199 253.2$
‘I?, 0,9320)70 209,00 33. 1.1308669 253.36
•*b , o,934014~ 249,52 34, *,13o8127 233,03
‘IS, 0,~ iI00S11 249,60 35, 1,138757) 153,51
.14, 0,~a105o3 49,68 36, 1.1427008 253.58
‘15, 0,9460603 249,75 37, 1,1466031 253,66
‘12, 0,9520430 209,83 38, l.*5038”3 253.13
‘11, 0,9580645 10~,41 39, 1,15452~3 133,81
.10, 0,9400648 209,90 00, 1,1584a31 2S$.6~.9. 0,961063$ 150,04 01, 1.16144008 253.96
.0, 0,9600616 250,14 0? , 1.1b63373 2544,03
.7, 0,9720382 250,21 413 , 1,1102727 2344.11
.6, 0,9180535 250,29 44, 1,174208, 23u.L~•5. 0,9800077 130,16 45. 1,1701000 2344,1’
.44 , o.q0~~a05 250,05 46, 1,1020718 eca.33
.5, 0 ,9880 312 250 ,52 47, 1,1660028 a,’41
.‘. 0,9910227 250,80 48, 1,1099321 2544,08
•1. 0,9960119 250,86 ‘49, 1,1916608 254.56
0, 1,0000000 250,75 50, 1,1977878 2S4.b~
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PLATINU M NESI$TANCt TNENNQN!TER CAL IbRATIO N TA8L~ S~ R NO, 2320000

TEMp , RE$IOYANCI INVLRU TLsP. RUI$T*NC~ IP4VERSI
DIG,C RATIO D~G.C RAT I O 01FF

/
30. 1,1977678 254,43 100, 1.3’2683J 238.00
5*. 1,2017139 150,71 101, i,3’bS5~o 238.48
32, 1,2050)89 254,76 102, 1.41000117 238.55
53. 1,2095627 ~50,$b *03, 1,4002602 250.83
544, 1,2134853 154,93 1041. 1,408*536 258.71
35, 1,2174068 155,01 105, i.aiaosYe 230.10
54, 1.22 1327 1 155,08 106, 1,4158009 258,86
57 , 1,2232483 255,16 107, 1,4197029 jS R , 944
58, 1,2291443 255.23 5~ 8, 1, 4236037 25~I.01
59, 1.2330812 255.3* 10g. 1.4214834 ~~~~~~60, 1,2)69989 153,38 11 0, 1.4313220 239.16
61, 1,2409115 255,16 111 , i.43517’a 259,20
62, $,2406249 255,53 Ii?. 1.43~ O3~ 7 259.32
63, 1,2067372 255,81 113, 1.44128909 j59,39
644, 1,2528063 255,88 *14, 1.04474a9 23~ .~ 7

:1 65, 1,2565503 255.76 115, 1,0505978 259.SS
66, 1,2604671 255,83 116, 1.0341095 259,82
67 , 1,2643748 255,91 117. 1.41583002 15~ ,7048, 1.16628*3 253,98 110. 1,06214’? ~~~~~~69, 1,2721868 2S6,O4 11~~, 1.4659980 259.65
70, 1,276090’ 25o ,t 3  120, 1,4.98452 2S~ ,~ 3
71, 1,2799939 256,21 121, 1.4736913 160,00
72, 1.2838959 256,28 122 , 1.4775383 260.08
73, *,28719ba 256,34 123, 1.4013601 2~0,1b744. 1,2918983 256 ,a3 12~, 1.4052228 260,23
15, 1,2955948 256,51 125. 1,48906444 260.31
76, 1,2994921 256,S~ 126, 1,491Q0416 2bO ,3~77 , 1.3033683 256,66 127, i,4~b7a”* 26o,lb

• 70 , 1, 3072833 256,74 126, 1,5005623 16O ,5~79, 1,311 1772 256.81 129, 1, 5044190 260 ,62
80, 1,3150700 256,89 130, 1,5082553 260,69
81, 1,31896*6 236,98 131. 1.5120901 260.77
82, 1.3226521 257,o4 132, 1,S15’237 2 80, $S
83, 1,32o7a1~ 157,11 133 , 1, 5197581 260.92
84, 1,3308296 257,1~ 1344, 1.5235878 261 ,00
85, 1 ,3345186 157,27 135, 1,5274179 261,0g
8~ , 1,338~402S p57,34 136, 1,53124471 261 , 16
67, 1,!42.~e13 257 ,41 131, i.~ 35°7S * 26 1 .c3
88, 1,34b1 70~ 257,09 138, 1,5389020 261.31
89, 1,3500533 257,57 139, 1,S~21177 2b1, 3~
~0, t ,3S3~3~ 7 257,84 *40, 1,5465523 261 ,446

~1, *,3S781~ 9 257,72 141. 1,5503758 261,544
91, 1,3810939 237,60 1442, 1,5501982 261.62
93, t ,3o5S11$ 257,87 103, 1.55801’S 261,6q
944, 1, 3894486 p57,95 104, *.56163’8 261,77
95. 1,3733242 256,n2 1’4S, $,5656S6b 26 1, L ’,
94, 1,3771987 258,10 146, 1,5694764 161,9;
97, 1,38*0720 158,17 147, 1.S’32’32 261.00
9$, 1,3049442 258,25 140, 1.5711068 262,06
99, 1,3888153 258,33 144~ , 1,5809133 162,I e
100, 1,1928652 258,oO Iso , 1, 58447161 282 ,V1
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WESTERN STANDARDS LABORATORY
REPORT

TABLE
FOR

PLATINUM RESIST ANCE THERMOMETER

CALIBRATED TO IPTS-68

SERIAL NUMBER 233

NAVAL AIR REWORK FACILITY
NAVAL AIR STATION

NORTH ISLAN D
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NAVAL AIR REWORK FACILITY
NAVAL AIR STATION

NORTH ISLAND
IAN D IGO C A L I P Q~~NI A

~~&ern ~*tandardz ~ utnir �*forg ~ gpr 1
!Report of ~Ia1ibration

FOR

PLATINUM RESISTANCE THERMOMETER

SUBMITTED BY:
United Technologies , Chemical Systems Division

1050 East Arques
Sunnyvale, Cal ifornia

Manufacturer : Minco Products , Incorporated
Model : S 1059—2
Serial : 233

This thermometer was calibrated for use with coninuous current of 1.0 mA

through the thermometer. The following values were found for the constants in

the International Practical Temperature Scale of 1968 (1PTS—68) formu1a~~:

CONSTAN T VALUE

Alpha (a) 3.926303 x lO~~

* 
Delta (~) 

1.469924

A~ 
3.366389 x l0

c~. 
2.000000 x lO_ 1

~ (assumed)

A 3.98401 7 x
B — 5.771367 x iO~~
R 100.2662 ~1

0

The pertinent IPTS—68 formulas are given in the discussion on pages 1-454

and 1-455.

The values given were determined from measurements near 0.01°C, 25° C, and 50°C.
The uncertainty of the measurements at the test points , expressed in temperature ,

is less than 0.01°C.

AMB IENT TEMP 23° C PREPARED BY: J. F. Berla”nga

RELATIVE HU MIDITY 43%
APPROVED BY. C. C. 1(ullmann

REPORT NO. UT— S______________

DATE 9 Jun 1977 RESUBMISSION DATE 9 Jun 1979
, I NO . P*V A I~~E*O~~K P A C . l O O O ~ ,’l ~~t V  4•~ 7

mck 1-475
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PL4T1N~J’~ RISISTANCI I 
OMU~R •E~ ~o. 

233’i 03

*LPM AS (~,39?o30!0389f”t,P ‘Et. 1~
$ C,1acQ’244E, t

*0. u.)366389F. ta CO. f~.2i00000~.1!

Li (I ,3900017F..~ 2 0..o,5771 3b7I.~ ’,
~~ * 0,$1~02b.2!+(3

~ i. u,1o021~2F,~ 3 TI. ~,A 1 0o

R?1 Q,11 0121?€$’3 y2i I5,~ i29

R3~ ),*201)54t,’3 y3~ 5~~, r~~83

R11’ ~.00U0t,)0f+~.~ T~
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P~ 4y ~ IgUM q 161$TA NC€ TH~~ MOMETER C*LIi,AYI0I., TA8 L E SII~ W O , 133~ 0Ou

liMp, R~ $ISTANCE 7N~ F81E Tiiiø, RE$ IS T Ar ~CE I~ v!~ SE

/ 
DIG,C RA T IO ~)IFF DEG.C 0aT j ~ 01FF

•50, 0,799094) 246,83 0, I,0”) 3fl0 25(,78
.49, 0 ,803 1 4.2 ?4~ ,Q2 1 , 1.O~ 3~ 85? 25,,~ 3•48 , 0 ,8~~7 1947 244 7 ,00 2, 1,0~ 79b’2 l !1 ,-u~

* 
.17 , 0 .8 1124 19 2447 ,”8 3 , 3 , 011~~52O 25 1,~~~.44, 0.81528 77 247 ,37 0, 1,01593 3o 251, 16
.44 5, 0 , 8 19332 2 2o7,?5 3, 1.0l9’1’~o 231 ,23
sF44, 0,8233753 247,13 6, 1,0238932 251,31
.443,  .~,8274171 ?47,~~1 7 , 1~~0 2 7 g 7 1 2  2 5 3 , 3’~•4 2. 0,8314575 247 ,50 .,  1,031~’~ o 251.~ 6
•~ 1. 0,8354906 247 ,58 9, 1. 0358235 2S1, 5”
•44 0. 0. 83953414 247 ,66 10 . 1,O3~~7 979 251 ,01
.39, t),8435709 247,7k 1 1 , i.0’37711 251 ,69
•38, 0,84474040 247,82 12, i.0~ 77a3 i 251,76
.37, ~,65ib39’ 247 ,90 13 . i .0 5 i7 1 39  2 5i .~~•3o , 0,8336723 24~ ,

9
~ 14 , 1,055~ 83a 251 ,92

.35, 0,8597035 20~~,0b IS , 1. 054o518 2~~I ,9Q

.34 , o,86)73344 248 ,14 16 , 1.0t3019o 2S2 ,~ ’.33, 0 ,86 77620 2’~~,23 iY . i,067585o 252,la

.32. 0.87 17893 246,30 18, 1,07 13498 252 ,22
•31, 0 ,8758153 ?48 ,3e 1~~, 1,0755 3344  252,3
.3) , 0,874640 1 24~ ,~*6 lv . 1,079 075 8  252 ,3’
•29, o,8839635 248,54 21, I,083-~370 252,4~.28 , 0 ,63 76857 ~48,ô2 22, 1.0873970 252.52
•27, ~,69 190bb 248 ,,0 23 , 1,0913558 252 ,0 1
•?6, 0,893926? 248 ,76 2~ , i.o’5)13u 252 ,oP
.25, o,8999 L1447 ~oP ,~ S 25 , 1. 00926 99 25? , 75
•24. ~,

Qu39b1l ~4~ ,Q44 16, t,1~ 3225i 2~~ .ö3
•23. o,907977a ~~e~~, fl3  27 . 1, 1 C7 17 9 1  252 .9 1
.22. 0,9119922 240 ,09 28, 1,1111320 252.~~~
.21, o ,9 140055 244 0 ,17 2~~, L,11 5 ’~83o 253 ,16
.20, n,9200176 2’49,~ 5 3~ . 1,11Q( 3~ 1 253 .1 5
.19, n,9240284 ?44~ ,32 31, 1,12lQ63~ 251,21
.18, 0,9280360 24~ ,4& 0 32. 1,1)o9315 253.~~

0

.17, n,Q32~ 4O3 2 49 ,44 8 31, i,13; 703 253,3~.16, ),936J533 249,55 344, 1.13’.824o 2S3.’”~•15 , n,9400593 2a~ ,~ 3 33, 1.1387886 253.5?

.144, 0,9440640 2a~ ,71 36, 1,1027119 2!3,5~•13, G ,9a8~67O 2a4,79 37, 1,l bSOi , 253 ,n7

.12, • ,9S?~6Q6 p449 ,*7 3~ . 1,1~~ S95 r 253 .7S
• 11, ) ,958., 1U5 244 0,00 344, i,*~ ’53~ 7 253,~~’
•1~~. ~,9~oO703 251,02 or , i,158’~133 253,9’
.0, n,9644 C’687 25: .10 ‘at , 1 ,1b2~~1fl 7  ~~~~~~~
.~~~, fl,94 6u06) 25’~,17 42 ,  1,1663 069 2!’., ’
.7, .,97?0620 23 ,25 81. i ,17C~~F 19 a3’~,i3.6, (,Q760508 25 ,33 8~4 . 1 , L ? M 2 1 5 7  2S’..~~1
.5, 0,9800504 ?5 ,oc 05, 4,1 761u80 25”,~~.o. n,96o042? 25~1 ,08 446, i,1F2~ 798 258,3”
.3, ~,48e0339 25’,,SS ‘47, 1,16ø~ 1’,i1 ?3’.,4~.2, O,’9202)8 25 ,43 48, 1,1899392 254,51
•1. ‘.9960123 2S~ ,7* .9 , 1.19 .18671 2!4 ,5~lJ, t ,000 0000 250 ,78 Sri , 1,1°7?938 ~~~~~~~
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A 
P~ *tI~~j M ~~ $ Z s T & P ~CE TWE RØO MET ER Ca~ I8q*yIcn. TA8 1~ 3!p NO. 233000 J

f(Mp, R!31$TANCE It~vE’$! liMP, 4~.$I$ TA ’ C i  z~ v !qSE
• DEG,C RA TIO DIPY DtG.C RA t IO

a 

33, 1 ,1977938 3344,67 100, 1,3928303 p6,53
31, i ,20i7194 3344,74 101 , 1.)c64971 2511.01
32, j,2o56137 250,63 102, 1,40c3630 358 48
33, 1,2995649 234,90 103, 1,40442275 j56 ,7o
54, 1,2134869 254,~ 7 10$, I.4’~80909 258 .80
35, 1,2174091 235,05 loS, 1,4119532 j58,92
36, ,,22i32’~ 33!, t3  *06, 1,441581442 2S9 ,0(’
57, 1,2252478 255 ,20 107 , 1,~4 19b74 1  339 ,uY
58, 1 .220 165 1 ?5’,?8 1.8 , 1,4235329 25~~.1~39. 1,233 ,612 ?5~ ,I6 109, 3,44273905 ~5c ,l360. 1,2)69961 253 ,44 3 110 , 1,43 12469 p59 , 3 1

61. i,Z~ o9n99 255,51 111, t,4351o22 p39,39
62, 3 ,2408220 355 ,59 1*? , 1. 44 389563 219,46
63, 1,24487338 �5’,6b 113, 1. 44~~~A 09 2  2~ 9 .S~644, 1 ,8204440 35c,y4 11~~, 1,44466010 2~9,o.?45, 1,13b5S30 335,82 115, 1,44~ ’i5I16 2!9,7~’64, i,leoaeo9 335 ,89 116 . i.45~ 3o11 239.78
67. 1,16443676 p55,97 117 , 2,4582093 j !9,8b
68, 1,26827) 1 256 ,03 *18 , 1,4462056 5 359 ,93
49, 3 ,27217Th ?S’,i3 11~~, 1.4659u25 26:) ,O1
7~ , j,276u805 238,20 121 . 1.4697473 24L .0Q
71, 1,2799825 256,28 121, j , 4 735 909  38~~, 17
72, 1,26)8833 256 ,36 122, 1,477~ 33’4 28~~,l513, 1,3877629 256,43 123 , 1,48127448 26 .’,33
74, 1,2916810 256 ,51 12k , 1, ’4 65115u 26 ,”
75, ~,29S5787 256,19 125, 1, 4488 9 5 44 0  28 ,’~78, 1,390447448 256,67 126, 1,4927919 2 8I ,Sb
71, i ,3o 3o97 35~ ,74 127, 1,496e28o 26 ,o3• 78, 1,3073633 256 ,82 128 . 1.500 060 1 26~ ,72
79 , 1,3*11561 256 ,90 *29 , 1,5042985 26~~,80
.0 , 1,3190473 256 ,96 13t . 1, 50813 18 26C ,88
81. I .3a89377 ~S7 ,~~S 131. 1,5119038 36C ,93
82, ,,32~8?a8 257,33 132, 1,5157948 2bt ,~ 3
83, 1 ,3267147 257,21 13), 1,51 9b2~5 2F1 ,11
84, 1,3306015 257,29 13k , 1.523~S32 261 ,19
85, j,3)a~~ 7Q 25’,36 135, 1.3272806 261 ,27• so, 1,3383714 257,04 136, 1,531 1069 j”~ ,35
87, 1 ,3422546 257,8c 137, 1,3~~ 932t Z61,’3
88, 1,34101307 15,,60 338, L.S’ó7561 261,31
89, i ,3 S o v I la  ~~ ‘,67 130 , 3 ,5025789 261 ,5~9.. 1,3338973 257,Yb 1-ac , 1. 5 0 b 44~ Cb l61,ob
91, i ,)577759 257,83 141, ),55c~2~ 1~ 281.744
92, 1 ,36 16533 257,91 142, 1,5544~ 405 261,82
93, 1,3655293 257,48 14.3, 1,5578367 261,~94 , 1,369440445 258,r’ô *4444, 1, 56 107 58  2e1 ,9’
45, 1,37327844 258,14 1’45, 1.56544917 2b2,r 6
96, 1,3771311 238 ,22 146 , 1.5b93~ b5 262 ,1’~97, 1,381 0227 258,29 147, 1,S731I~ i 262,22 ‘

98, 1,38448931 355,37 1448, 1.37e932o Jol.i’
99, 1 ,3681623 p3~,a5 144, i,S~~’°3~ 262.3c

1t’~ , 1,3926303 23P,~ 3 i So , 1,5*~~ S4
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APPENDiX J

VISHAY RESISTOR STABILITY DATA

This appendix contains long-term stabil ity data on Vishay resistors purchased

by CSD for use on this contract as well as long-term data on resistors sup-

plied to Bend ix Corp. This append ix is included to demonstrate the stability

behav ior of the Vishay resistors.

S
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Quality Control Data Sheet

Customer - United Technology P.O. No. 35-366828

F.0. 0505-238 F.C. 50910 Value: 506 Tolerance: 1%

Maximum Min imum
• Response 511.060 Response 500.940

—155°C to
Serial 125°C 168 hr
No. Readout ,fl Cycle Readout ,cz R PPM Burn Readout ,~Z R * PPM

WS 93 505.990 X 505.994 0.08 X 505.993 —0.02
94 505.968 X 505.970 0.04 X 505.971 0.02
95 505.991 X 505.993 0.04 X 505.993 0
96 505.983 X 505 .983 0 X 505.982 —0.02
97 505.981 X 505.983 0.04 X 505.982 —0.02
98 505.006 X 506.007 0.02 X 506.001 —0.12
~9 505.984 X 505.984 0 X 505.982 -0.04

WT 00 505.947 X 505 .949 0.04 X 505.947 —0.04
01 505.995 X 505 .995 0 X 505.991 —0 .08
02 505.978 X 505.976 -0.04 X 505.973 -0.06
03 505.986 X 505.988 0.04 X 505.991 0.06
04 505.997 X 505.999 0.04 X 505.996 —0.06
05 505.965 X 505.965 0 X 505.961 —0.08
06 505.989 X 505.991 0.04 X 505.989 —0.04
07 505 .998 X 505.998 0 X 506.002 0.08
08 505.982 X 505.982 0 X 505.979 -0.06
09 506 .002 X 506.003 0.02 X 506.000 -0.06
10 505.987 X 505.988 0.02 X 505.984 -0.08
11 506.021 X 506.023 0.04 X 506.018 —0.10
12 505.986 X 505.987 0.01 X 505.981 —0.12
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VISHAY ENVIRONMENTAL LAB

LAB No. 98-2 TR No. Project No. Department No. 403

Originator Beaver Part No.
P/N 300231 Quantity Date Code

150 t 0.1% 7 7426 
*

165 * 0.1% 7 7426
154 * 0.1% 8 7426

Test Description: Group ‘C” inspected subgroup 2, test per Vishay B/P
710094 load life. FO No. 0614—418 (Bendix).

Equipment Model No. S/N Calibration Due

Resistance bridge 1104 210 3/26/76
Digital multimeter 8000A 51123 7/31/75
Oven No. 10 0V490A JT8754R Before use
Thermometer — 

82 3/3/76

Remarks: ExceptIons; (1) temperature = 600*50C, (2) duration 2,000±48 hr,
(3)~~R limit a 0.03% ( 300 ppm) and 0.1% (1,000 ppm) ABS, (4) load 0.15 W dc

Performed by: N. Love Date: 4/9/75
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QUALITY CONTROL DATA SHEET

Customer — Bendix Remarks: Temperature a 60°C
.‘ LR No. 98-2 Value 4.83 VDC

F.O. Equipment Monitoring Sheet
P.O. 54-442638

- :  Vol tage
Temperature Load on

Date Observer Time of Oven Rack

1/14/75 N. Love 1500 60°C 4.83 VDC
1/30/75 N. Love 1530 60°C 4.83 VDC
2/7/75 N. Love 1430 62°C 5.34 VDC
2/24/75 N. Love 1520 60°C 4.83 VDC
3/18/75 N. Love 1510 60°C 4.86 VDC
3/27/75 N. Love 1520 63°C 5.04 VDC

.10 Per MI1.R-55182E. paragraph 4 7 17 Power , watts • 0 1
LR ~ Temperature , ~c

0  Duration . hr • 2.000

__________________ 
Symbc ’l Singer Vishay Va’ue. Toterance , Quantity 

-________________ - P/N P/N ohms %
0 049-103 5102 264 6 1 5

-20 A 049-115 5102 1365 1 I 5 •

0 049-126 5102 3276 1 5

250 500 1,000 2.000
Time, hr

Figure 3-250 . Load Life
17712
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VISHAY ENVIRONMENTAL LAB

Lab No. 175 TR No. - Proj ect No. - Department No. 20-201
Originator - Lownes

Part No.
S102 Quantity Date Code

2646c2 5 7512
1365~2 5 7351
3276~ Z 5 7346

Test Description : Load life, subgroup I, per MIL—R-55182E, paragraph 4.7.17
and Singer *6004049.

• Equipment Model No. Serial No. Calibration Due

Resistance bridge 1104 210 3/26/76
Fluke multimeter 8000A 51123 1/31/76
Power supply Vishay 7413 Each use
Cycling box Vlshay 107 Each use
Oven Blue MM’ 0V490A-2 J—3770 Each use
Power supply Vishay 7406 Each use
Power supply LAMBDA LH118A 02386 Each use
Thermometer 86 3/3/76

Re~’iarks: Exceptions; (1) duration = 2,000 hr, (2) power a 0.1 W at 70°C
cycling , (3) read and record at 250, 500, 1,000, and 2,000 hr, (4)AR limit

/ 
al5 ppm.

Performed by: N. Love Date: 9/19/75

3-487

_ _ _ _ _ _ _  _ _  

_ ±ITTTTI~



-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4

VISHAY RESISTIVE SYSTEMS GROUP
Environmental Lab Data Sheet

MIL—R-55182E W a 0.1 Test: Load life (2,000 hr)
Method Paragraph 4.7.17 per release 150394* Group SCN
LR No. 175 Subgroup I (S102) 049-103
E • 5.14 VDC I 0.09720 Value a 264.6cz

Tolerance a 1.0%

R1 250 hr 500 hr 1,000 hr 2,000 hr
Serial No. Initial .ARPPM ARPPM ARPPM ARPPM

AA-0818 264 .852 —40 -35 —25 —50
0820 265.208 —40 -35 -35 —45
0821 264 .9°7 —30 —25 —20 —20
0824 265.073 -25 —35 -35 —40
0867 264.998 -30 -30 -30 -35

By: N. Love N. Love N. Love N. Love N. Love
Date: 6/26/75 7/8/75 7/18/75 8/8/75 9/19/75
Time : 1350 1500 1220 1540 1045
Temp/RH 76°/26% 74°/50% 74~/55% 72°/50% 730/55%

VISHAY RESISTIVE SYSTEMS GROUP
Environmental Lab Data Sheet

MIL—R-55182E W a 0.1 Test: Load life (2,000 hr)
Method Paragraph 4.7.17 per release 150394A group 4C’
L.R. No. 175 Subqroup I (S102) 049-115
E a 11.68 I a 0.04278 Value a 1365cz Tolerance a 1.0%

Ri 250 hr 500 hr 1,000 hr 2,000 hr
Serial No. Initial ~RPPM IARPPM IAIRPPM ~RPP M

AD-419 1369.99 -30 -30 —20 -30
420 1369.95 -50 -50 -50 -50
425 1369.04 -50 -50 -50 -50
427 1369.83 -60 —60 -55 -50
428 1370.06 —35 -35 -30 —40

By: N. Love N. Love N. Love N. Love N. Love
Date: 6/26/75 7/8/75 7/18/75 8/8/75 9/19/75
Time : 1345 1510 1210 1540 1045
Temp/RH: 76°/26% 74°/50% 74°/55% 78°/50% 73°/50%
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SHELF LIFE 10K 0.01% S102 RESISTOR UN*IUNTED AND INDIVIDUALLY SERIAL NUMBERED
Group A8

1/18/66 2/28/~6 ~~~~ ~R , (%)  4/~/66 ~~~~ .~R (%)

A0687 10000.1 9099•qq -0000.11 -0 .0011 9999.99 -0000.11 -0.0011
88 9999.50 9998.95 -0000.55 -0.0055 9998.93 -0000.57 -0.0057
89 9999.38 9998.86 -0000.52 -0.0052 9998.90 -0000.48 -0.0048
90 9999.81 9999.20 -0000.61 -0.0061 9999.22 -0000.59 -0.0059
91 10000.3 10000.0 -00000.3 -0.0030 10000.0 -00000.3 -0.0030
02 10000.2 9999.97 -0000.23 -0.0023 9999.96 -0000.24 -0.0024
93 9999.80 9999.44 -0000.36 -0.0036 9999.39 -0000.41 -0.0041
94 10000.3 10000.0 -00000.3 -0.0030 10000.0 -00000.3 -0.0030
95 10000.2 9999.87 -0000.33 -O.0C33 9999.91 -0000.29 -0.0029
96 10000.4 10000.0 -00000.4 -0.0040 10000.C -00000.4 -0.0040
97 10000.3 10000.0 -00000,3 -0.0030 10000.0 -00000.3 -0.0030
98 9999.91 9999.59 -0000.32 -0.0032 9999.56 -0000.35 -0.0035
99 10000.3 9999.99 -0000.31 -0.0031 9999.99 -0000.31 -0.0031

700 10000.4 10000.0 -00000.4 -0.0040 10000.1 -00000.3 -0.0030
01 10000.5 10000.0 -00000.5 -0.0050 10000.0 -00000.5 -0.0050
0? 10000.3 10000.0 -00000.3 -0.0030 10000.0 -00000.3 -0.0030
03 10000.0 9999.54 -0000.46 -0.0046 9999.57 -0000.43 -0.0043
04 10000.4 10000.1 -00000.3 -0.0030 10000.1 -00000.3 -0.0030
05 10000.1 9999.99 -0000.11 -0.0011 9999.99 -0000.11 -0.0011
06 9999.53 9999.09 -0000.44 -0.0044 9999,13 -0000.40 -0.0040
07 10000.0 9999.80 -0000.20 -0.0020 9999.77 -0000.23 -0.0023
08 10000.3 9999.99 -0000.31 -0.0031 9999.99 -0000.31 -0.003 1
09 9999.80 9999.19 -0000.61 -0.0061 9999.18 -0000.62 -0.0062
10 10000.1 9999.79 -0000.31 -0.0031 9999.99 -0000.11 -0.0011
11 10000.3 9999.99 -0000.31 -0.0031 9999.99 -0000.31 -0.0031
12 10000.4 10000.0 -00000.4 -0.0040 10000.0 -00000.4 -0.0040
13 9999.30 9998.92 -0000.38 -0.0038 9999.00 -0000.30 -0.0030
14 10000.3 9999.88 -0000.42 -0.0042 9999.92 -0000.38 -0.0038
15 10000.4 10000.0 -00000.4 -0.0040 10000.0 -00000.4 -0.0040
16 9999.98 9999 .70 -0000.28 -0.0028 9999.74 -0000.24 -0.0024

/ 17 10000.3 9999.95 -0000.35 -0.0035 999.99 -0000.31 -0.003 1
18 9999 .70 9999.20 -0000.50 -0.0050 0000.18 -0000.52 -0.0052

• 19 9999.99 9999.65 -0000,34 -0.0034 9999.71 -0000.28 -0.0028
70 9999.61 9998.99 -0000.62 -0.0062 9999.03 -0000.58 -0.0058
21 9999.49 0000.11 -0000.38 -0.0038 9999.13 -0000.36 -0.0036
7? 9999.68 9999.11 -0000.57 -0.0057 9999 .04 -0000.64 -0.0064
23 9999.77 9999.32 -0000.45 -0.0045 9999.37 -0000.40 -0.0040
24 9999.80 9999.02 -0000.78 -0.0078 9999.00 -0000.80 -0.0080
25 9999 .97 9999.45 -0000.52 -0.0052 9999.5 1 -0000.46 -0.0046
26 9999.72 9999.36 -0000.36 -0.0036 9999.33 -0000.39 -0.0039
27 10000.5 10000.2 -00000.3 -0.0030 10000.3 -00000.2 -0.0020
28 9999.75 9999.22 -0000.53 -0.0053 9999.70 -0000.55 -0.0055
29 9999.71 9999.50 -0000.21 -0.0021 9999.55 -0000.16 -0.0016
30 10000.0 9999.62 -0000.38 -0.0038 9999.62 -0000.38 -0.0038
31 10000.1 9999.71 -0000.39 -0 .0039 9999.69 -0000.41 -0.0041
32 9999.99 9999.65 -0000.34 -0.0034 9999.62 -0000.37 -0.0037
33 9999.70 9999.14 -0000.56 -0.0056 9999.10 -0000.60 -0.0060
34 9999.97 9999.40 -0000.57 -0.0057 9999.46 -0000.51 -0.0051
35 10000.3 9999.84 -0000.46 -0.0046 9999.83 -0000.47 -0.0047
36 9999.78 9999.28 -0000.50 -0.0050 9999.25 -0000.53 -0.0053
37 9999.80 9999.30 -0000 .50 -0.0050 9999,27 -0000.53 -0.0053
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Shelf Life - Group A8; 10K. 0.01%, 5102, 51 Units

5/20/66 ~R ,!Z ~R , % 12/19/66 .~R , %

A06R7 9999 .98 -0000.12 -0.001? 9999.99 -0000.11 -0.0011
88 9998.94 -0000.56 -0.0056 9998.78 -0000.7? -0.0072
89 9998.91 -0000.47 -0.0047 9998.84 -0000.54 -0.0054
90 9999.25 -0000~36 -0.0036 9999 .06 -0000.75 -0.0075
91 10000.0 -0000.30 -0.0030 10000.0 -0000 .30 -0.0030
92 9999 .96 -0000.24 -0.00?4 9999.88 -0000.32 -0.0032
93 9999.44 -0000.36 -0.0036 9999. 44 -0000 .36 -0.0036
94 10000.0 -0000.30 -0.0030 9999.96 -0000 .34 -0.0034
95 9999.92 -0000.28 -0.0028 9999.86 -0000 .34 -0.0034
96 10000.1 -0000.30 -0.0030 10000.1 -0000.30 -0.0030
fl7 10000.0 -0000.30 -0.0030 9990.99 -0000.31 ~0.0031
98 9999.59 -0000.32 -0.0032 9999.42 -0000.49 -0.0049
99 9999.99 -0000.31 -0.0031 9999.99 -0000.3 1 -0.0031

700 10000 .1 -0000.30 -0.0030 10000.1 -0000.30 -0.0030
01 10000.0 -0000.50 -0.0050 10000.0 -0000.50 -0,0050
02 10000.0 -0000.30 -0.0030 10000.0 -0000 .30 -0.0030
03 9999.59 -0000.41 -0.0041 9999.43 -0000.57 -0.0057
04 10000.1 -0000.30 -0.0030 10000.1 -0000.30 -0.0030
05 10000.0 -0000.10 -0.0010 9999.97 -0000.13 -0.0013
06 9999.13 -0000.40 -0.0040 9999.06 -0000.47 -0.0047
07 9999.76 -0000.24 -0.0024 9999.69 -0000.31 -0.0031
08 9999.99 -0000.31 -0.0031 9999.98 -0000.32 -0.0032
09 9999.29 -0000.51 -0.0051 9999.08 -0000.72 -0 .0072
10 9999.99 -0000.11 -0.0011 9999.97 -0000.13 -0.0013
11 9999.99 -0000.31 -0.0031 9999.94 -0000.36 -0.0036
12 10000.0 -0000.40 -0.0040 9999.99 -0000.41 -0.0041
13 9999 .16 -0000.14 -0.0014 9998.83 -0000.47 -0.0047
14 9999.95 -0000.35 -0.0035 9999.88 -0000.42 -0.0042
15 10000.0 -0000.40 -0.0040 1000.00 -0000.40 -0.0040
16 9999.87 -0000.11 -0.0011 9999.63 -0000.35 -0.0035 —

17 9999.99 -0000.31 -0,0031 9999.90 -0000.40 -0.0040
18 9999.17 -0000.53 -0.0053 9999.06 -0000.64 -0.0064
19 9999.69 -0000.30 -0.0030 9999.67 -0000.32 -0.0032
20 9999.08 -0000.53 -0.0053 9998.82 -0000.79 -0,0079

• 21 9999.13 -0000.36 -0,0036 9999.05 -0000.44 -0.0044
22 9999.15 —0000.53 -0.0053 9998.92 -0000.76 -0.0076
23 9999.39 -0000.36 -0,0036 9999.25 -0000 .52 -0.0052
24 9999.09 -0000.71 -0.0071 9998.80 -0001.00 -0.0100
25 ~999.58 -0000.39 -0.0039 9999 .39 -0000.58 -0.0058
26 9999.33 -0000.39 -0.0039 9999.25 -0000.47 -0.0047
27 10000.3 -0000.20 -0.0020 10000.3 -0000.20 -0.0020
28 9999.22 -0000.53 -0.0053 9999.11 -0000.64 -0.0064
29 9999.56 -0000.15 -0.0015 9999.52 -0000.19 --0.0019
30 9999.62 -0000.38 -0.0038 9999 .58 -0000.4? -0.0042
31 9999.76 -0000.34 -0.0034 9999.65 -0000.45 --0.0045
32 9999.62 -0000.37 -0.0037 9999.57 -0000.42 -0.0042
33 9999.17 -0000.53 -0.0053 9999.05 -0000.65 -0.0065
34 9999.49 -0000.48 -0.0048 9999.46 -0000.51 -0.0051
35 9999.85 -0000.45 -0.004 5 9999.72 -0000.58 -0.0058
36 9999.27 -0000.51 -0.0051 9999.19 -0000.59 -0.0059
37 9999.32 -0000.48 -0.0048 9999.18 -0000.62 -0.0062
38 9999.82 - - 9999.71 - -
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Shelf Life; 10K. 0.01%, 13 ,800 hours

3/2/67 ~R ,u .~R , % 9/5 /67 ~~~~ .IR, % 9/ 6/68 ~~~~ ~R . %

A0687 9999.98 -0000.12 -0,0012 10000.2 00000.1 0.0010 10000.2 00000.1 0.0010
88 9990.80 -0000.70 -0.0070 0999.37 -0000.13 -0.0013 9999.10 -0000.40 -0.0040
89 9999.88 -0000.50 -0.0050 9999.42 0000.04 0.0004 9999.17 -0000.21 -0.0021
90 9999.09 -0000.72 -0.0072 9999.90 0000.09 0.0009 9999.78 -0000.03 -0.0003
91 10000.0 -00000.3 -0.0030 10000.3 - - 10000.4 00000.1 0.0010
92 9999.82 -0000.38 -0.0038 10000.1 -00000.1 -0.0010 10000.1 -00000.1 -0.0010
93 9999.42 -0000.38 -0.0038 20000.0 0000.20 0.0020 Unstable - -
94 9999.99 -0000.31 -0.0031 10000.3 - - 10000.5 00000.2 0.0020
95 9999.89 -0000.31 -0.0031 10000.2 0000.90 - 10000.2 - -
96 10000.0 -00000.4 -0.0040 10000.4 - - 10000.5 00000.1 0.0010
97 9999.99 -0000.31 -0.0031 10000.3 - - 10000.3 - -

98 9999.47 -0000.44 -0.0044 9999.92 0000.01 0.0001 9°99.70 -0000.21 -0.0021
99 9999.97 -0000.33 -0.0033 10000.2 -00000.1 -0.0010 10000.4 00000.1 0.0010
700 10000.1 -00000.3 -0.0030 10000.5 00000.1 0.0010 Missing - -

- - 01 10000.0 -00000.5 -0.0050 10000.5 - - 10000.4 -00000.1 -0.0010
02 9999.99 -0000.31 -0.0031 10000.3 - - 10000.3 - -
03 9999.48 -0000.52 -0.0052 10000.1 00000.1 0.0010 10000.1 00000.1 0.0010
04 10000.1 -00000.3 -0.0030 10000.5 00000.1 0.0010 10000.7 00000.3 0.0030
05 9999.95 -0000.15 -0.0015 10000.2 00000.1 0.0010 10000.2 00000.1 0.0010
06 9999.08 -0000.45 -0.0045 9999.6? 0000.09 0.0009 9999.32 -0000.21 -0.0021
07 9999.67 -0000.33 -0.0033 10000.0 - - 9999.95 -0000.05 -0.0005
08 9999.99 -0000.31 -0.0031 10000.3 - - 10000.2 -00000.1 -0.0010
09 9999.16 -0000.64 -0.0064 10000.0 0000.20 0.0020 9999.63 -0000.17 -0.0017
10 9999.99 -0000.11 -0.0011 10000.4 00000.3 0.0030 10000.3 00000.2 0.0020
11 9999.90 -0000.20 -0.0020 10000.2 -00000.1 -0.0010 10000.2 -00000.1 -0.0010
12 10000.0 -00000.4 -0.0040 10000.4 - - 10000.3 -00000.1 -0.0010
13 9999.94 -0000.36 -0.0036 9999.50 0000.20 0.0020 9999.50 0000.20 0.0020
14 9999.93 -0000.37 -0.0037 10000.3 - - 10000.2 -00000.1 -0.0010
15 10000.0 -00000.4 -0.0040 10000.4 - - 10000.3 -00000.1 -0.0010
16 9999.67 -0000.31 -0.0031 10000.0 00000.2 0.0020 10000.1 0000.12 0.0012
17 9999.92 -0000.38 -0.0038 10000.3 - - 10000.2 -00000.1 -0.0010
18 9999.07 -0000.63 -0.0063 9999.56 -0000.14 -0.0014 9999.35 -0000.35 0.0035
19 9999.65 -0000.34 -0.0034 10000.0 0000.01 0.0001 9999.75 -0000.24 -0.0024
20 9999.89 -0000.72 -0.0072 9999.50 -0000.11 -0.0011 9999.09 -0000.52 0.0052
21 9999.00 -0000.49 -0.0049 9999.46 -0000.03 -0.0003 9999.20 -0000.29 -0.0029
22 9998.96 -0000.72 -0.0072 9999.78 0000.10 0.0010 9999.70 0000.02 0.0002
23 9999.23 -0000.54 -0.0054 9999.85 0000.08 0.0008 9999.54 -0000.23 -0.0023
24 9998.92 -0000.88 -0.0088 9999.95 0000.15 0.0015 9999.80 - -

25 9999.40 -0000.57 -0.0057 10000.0 0000.03 0.0003 10000.0 0000.03 0.0003
26 9999.21 -0000.51 -0.0051 9999.73 0000.01 0.0001 9999.50 -0000.22 -0.0022
27 10000.3 -00000.2 -0.0020 10000.8 00000.3 0.0030 10000.6 00000.1 0.0010
28 9999.12 -0000.63 -0.0063 9999.69 -0000.06 -0.0006 9999.55 -0000.20 -0.0020
29 9999.46 -0000.25 -0.0025 9999.71 - - 9999.80 0000.09 0.0009
30 9999.55 -0000.45 -0.0045 10000.0 - - 10000.6 00000.6 0.0060
11 9999.66 -0000.44 -0.0044 10000.2 00000.1 0.0010 10000.4 00000.3 0.0030
32 9999.55 -0000.44 -0.0044 9999.89 -0000.10 -0.0010 9999.80 -0000.19 -0.0019
33 9999.08 -0000.62 -0.0062 9999.79 0000.09 0.0009 10001.7 0001.71 0,0171
34 9999.42 -0000.55 -0.0055 10000.1 0000.04 0.0004 9999.60 -0000.37 -0.0037
35 9999.75 -0000.55 -0.0055 10000.3 - - 10000.3 - -
36 9999.20 -0000.58 -0.0058 9999.75 -0000.03 -0.0003 9999.48 -0000.38 -0.0038
37 9999.2 1 -0000.59 -0.0059 9999.83 0000.03 0.0003 9999.70 -0000.10 -0.0010
38 9999.70 10000.2 10000.0
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Shelf Life at 60°C, Group AS; 0.01% , 5102

8/2/71 10/24/73 8/ 1/ 75
48692 hr ~R ,u 

_______

.

~

R , % 68192 hr ~~~~ .~R , % 83520 hr ~~~~ .~R , %

A0687 10000.4 00000.3 0.0030 10000.0 -00000.1 -0.0010 10000.2 0.10 0.0010
88 9999.36 -0000.14 -0.0014 9998.71 -0000.79 -0.0079 10000.1 0.60 0.0060
89 9999.37 -0000.01 -0.0001 9998.87 -0000.51 -0.0051 9998.43 -0.45 -0.0040
90 9999.95 0000.14 0.0014 9999.19 -0000.62 -0.0062 9999.10 -0.71 -0.0070
91 10000.5 00000.2 0.0020 10000.2 -00000.1 -0.0010 10000.2 -0.10 -0.0010
92 10000.3 00000.1 0.0010 9999.89 -0000.31 -0.0031 9999.93 -0.27 -0.0020 4

93 10000.0 0000.20 0.0020 9999.45 -0000.35 -0.0035 9999.~(~ -0.20 -0.0020
94 10000.5 00000.? 0.0020 1000.20 -00000.1 -0.0010 10000,5 0.20 0.0020
95 10000.4 00000.2 0.0070 9999.93 -0000.27 -0.00?7 9999.75 -0.45 -0.0040
96 10000.7 00000.3 0.0030 1000.40 - - 10000.5 0, 10  0.0010

97 10000.5 00000.2 0.0020 10000.1 -00000.? -0.0020 10000.1 -0.20 -0.0020
98 9999.74 -0000.17 -0.0017 9999.38 -0000.53 -0,0053 9999.53 -0.38 -0.0030
99 10000.3 - - 10000.0 - 00000.3 -0.0030 10000.1 -0.20 -0.0020

700
01 10000.7 00000.2 0.0070 10000.3 -00000.2 -0.0020 10000.3 -0.20 -0.0020
0? 10000.4 00000.1 0.0010 10000 .1 -00000.2 -0.0020 10000.1 -0.20 -0.0020
03 10000.3 00000.3 0.0030 999~ .7? -0000.22 -0.0022 9999.73 -0.27 -0.0027
04 10000.8 00000.4 0.0040 10000.5 00000.1 0.0010 10000.6 0.20 0.0020
05 10000.3 00000.2 0.0020 9999 .97 -0000.13 -0.0013 10000.1 - -
06 9999.60 0000.07 0.0007 9999.03 -0000.50 -0.0050 9999.16 -0.37 -0.0030
07 10000.1 00000.1 0.0010 9999.77 -0000.23 -0.0023 9999.95 -0.05 -

08 10000.5 00000.2 0.0020 10000.1 -00000.2 -0.0020 10000.1 -0.20 -0.0020
09 9999.98 0000.18 0.0018 9999.11 -0000.69 -0.0069 9999.24 -0.56 -0.0056
10 10000.7 0000.60 0.0060 9999.97 .0000.13 -0.0013 10000.2 0.10 0.0010
11 10000.3 - - 9999.83 -0000.47 .0.0047 10000.0 - -

12 10000.7 0000.30 0.0030 10000.2 -00000.? -0.0020 10000.3 -0.01 -0.0010
13 9999.27 -0000.03 -0.0003 9998.89 -0000.41 -0.0041 9998.88 -0.42 -0.0042
14 10000.6 0000.30 0.0030 9999.92 -0000.38 -0.0038 9999.96 -0.34 -0.0034
15 10000.6 0000.20 0.0020 10000.1 -00000.3 -0.0030 10000.2 -0.20 -0.0020
16 10000.2 0000.22 0.0022 9999.61 -0000.37 -0.0037 9999.59 -0.39 -0.0039
17 10000.5 0000.20 0.0020 9999.83 -0000.47 -0.0047 9999.84 -0.46 -0.0046

1’ 18 9999.45 -0000.25 -0.0025 9998.99 -0000.71 -0.007 1 9999.11 -0.59 -0.0059
19 9999.90 -0000.09 -0.0009 9999.59 -0000.40 -0.0040 9999.8? -0.17 -0.0017
20 9999.38 -0000.23 -0.0023 9998.72 -0000.89 -0.0089 9998,93 -0.68 -0.0068
21 9999.20 -0000.29 -0.0029 9998.84 -0000.65 -0.0065 9998.53 -0.96 -0.0096
22 9999.71 0000.03 0.0003 9998.97 -0000.71 -0.0071 9998.95 -0.73 -0.0073
23 9999 74 -0000.03 -0.0003 9999.22 -0000.55 -0.0055 9999.17 -0.60 -0.0060
24 10000.3 0000.50 0.0050 9998 ,Qf~ -0000.84 -0.0084 9998.95 -0.85 -0.0O8~25 10000.3 0000.33 0.0033 9990.51 -0000.46 -0.0046 9999.58 -0.39 -0.0035
26 9999.56 -0000.16 -0.0016 9999.31 -0000.41 -0.004 1 9999.47 -0.25 -0.0025
27 10000.8 0000.30 0.0030 10000.4 -00000.1 -0.0010 10000.8 0.30 0.0030
28 9999.63 -0000.12 -0.0012 9999.07 -0000 .6R -0.0066 9999. 18 -0.57 -0.0057
29 9999.46 -0000.25 -0.0025 9999.51 -0000.~fl -0.0020 9999,r~3 -0.08 -0.0080
30 9999.97 -0000.03 -0.1)003 9999.51 -0000.49 -0.0049 9903.71 -0.29 -0.0029
31 10000.4 0000.30 0.0030 99U9.60 -0000.50 -o,00co 9999.75 -0.35 -0.0035
32 9999.75 -0000.24 -0.0024 9999.59 -0000.40 -0.0040 9999. -0.28 -0.0028
33 9999.68 -0000.02 -0.0002 9998.99 -0000.71 -0.0071 9~99.04 -0.66 -0.0066
34 - 10000.1 0000.13 0.0013 9999.46 -0000.51 -0.00~1 9999.68 -0.29 -0.0029
35 10000.6 0000.30 0.0030 9999.89 -0000.41 -0.0041 10000.0 -0.30 -0.0030
36 9999.63 -0000.15 -0.003 5 9999.14 -0000.64 -0.0064 9999 . -0.48 -0.0048
37 9999.73 -0000.07 -0.0007 9999.13 -0000.69 -0.0060 9999.14 -0.04 -0.0064
38 10000.3 0000.48 0.0048 9999.59 -. - 9990.63 -0.19 -0.0019
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PROCEDURE FOR DATA ACQUISITION FROM THE BEAM STABILIT Y TEST

The followi ng Includes : Part I, a brief description of the theory and

the physical setup beh ind this test; Part II , a reconinended procedure for
data acquisition; and Part III , a brief trouble shooting guide to avoid

erroneous data readings.

I. Theory and Setup
In the production of certain types of transducers, a strain gage is

expoxied to a diaphragm , housed in the transducer casing. The strain gage
is connected to form one arm of the Wheatstone bridge , so that when a pres-

sure is applied to the diaphragm , the resistance through the strain gage
changes due to deformation , and the Wheatstone bridge gives an appropriate

output . A major problem hindering the accuracy of this type of transducer
is the l ack of understanding concerning the stability of the diaphragm , epoxy,

strain gage interface with regard to such factors as aging, epoxy creep,
temperature and fati gue.

In this test a special , cantilevered , constant stress beam (often

• referred to as a constant moment beam) has been substituted for the diaphragm
mentioned above, and the applied pressure has been simulated by a 250 gm

wei ght , loaded on the free end of the beam. The strain gages are epoxied
to the beam on both the top and bottom (i.e., tension and compression) side ,

as shown in Figure K-251.

Tension strain gages
Constant stress beam ~~~~~~~~~~~~~~~~~~

Load —..--c~~ 
Compression strain gages

Beam stand

i i  1
Isolating blocks

Figure K-251. Constant Moment Beam Apparatus and Strain Gage Location
17713

K— 5 01  

- -  ~~~~ —- -~~~~~~~ ~~ — - - - S -~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~



- - ______ - — —,---——-..,~— - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~ 
-

There are ten semiconductor strain gages, and one reference foil strain

gage bonded to each side of the beam making for a total of twenty-two bonded
gages per beam. The electrical readings from these strain gages are controlled

by two of three switches mounted on the door of each conditioning box. Switch

No. 1, l abeled SW-I, controls the gages In tension , with positions 1 through

10 being the semiconductor strain gages, and the 11th a blank position (between
the 10th and the off positions) being the reference foil strain gage. Switch

No. 2 controls the compression gages, again with position s 1 through 10 being

the semiconductor gages, and the 11th position being the foil gage. It should

be noted that these switches are in series from one switch to another, a

also from one box to another box. Thus if two or more switches are left on,

then the outputs will superimpose, leading to an erroneous reading. There-’
fore particular care should be taken to ensure that all swi tches, other than

H the one being read, are in the off position (i.e., so that the wh ite dots
are in alignment).

In addition to the bonded strain gages, there are, on switch No. 3,

positions 1 and 2, two 506 ohm resistors, in Wheatstone bridges simi l ar to 
*

those containing the sem i conductor gages. These are used for standardization ,

and their output is measured in millivolts. Al so on switch No. 3, positions
3 through 5, there are 2 standard 10c2 resistors , 2 standard 1,500S7 resistors,

and 2 standard 5O,000�2 resistors. These standards are used as calibration
checks on the electrical connections and the Fluke meter. These restrictors

are mounted to the interior of each insulated conditioning box, and are sepa-
rate from the beams. Finally, in boxes No. 2 and No. 3 (nominal temperature

160°F and 90°F) on switch No. 3, position No. 9, there are unbonded semicon-
ductor strain gages, whose outputs are measured in ohms .

In all there are four boxes containing separate constant stress beams.

In order to determine temperature dependence, these boxes are maintained
at var ious nominal temperatures . Box No. 1 is maintained at a nominal tem-

perature of 120°F, box No. 2 at 160°F, box No. 3 at 90°F, and box No. 4 at
—650F. Proper correl ation between temperature and output is essential to
this test, because the resistivity of a semiconductor strain gages is highly

$ temperature sensitive . Therefore a highly accurate platinum resistance
-i
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thermometer Is used to meausre the temperature to within ±O.02oF of the actual

temperature of the constant stress beams.

Before the beams are loaded , prelim inary data is taken with regard to

prel oad stress, temperature cycles , and excitation l evels. All data taken

after the beams are loaded, is referenced to the moment of init ial loading.
This is done in order to eliminate the effects of temperature fluctuations ,

and in order to detect further strain due to creep, after the initial elastic
strain has taken pl ace. A detailed procedure to obtain this data follows

in Part II.

II. Procedure for Data Acquisition
Before data should be taken, the headings at the top of the data acquisi-

tiori forms should be filled out. The time should Include whether it is AM

- 
- or PM. The room temperature is read off the “Precision Digital ,” which is

located above the Master Electrical Control. The beam S/N as well as the
nominal temperature can be found on a l abel attached to each oven or freezer.

The pl atinum resistor S/N Is printed on a flag attached to the No. 1 lead
of the platinum resistor. Finally, the data set can be found from the data

form, which is kept in an indiv idual binder for each nominal temperature.
The data set numbers are sequential , and the number you write down should

be one greater than the previous number on the data form.

With this completed, the Fluke multimeter should be zeroed. This is

achieved by first depressing the 6~V function key- on the multimeter; next
the Range should be put on the auto, and left there for the remainder of
the test. Now the input terminals on the multimeter need to be brought to

a comon voltage potential. This Is done by first ensuring that the guard
on the multimeter is In contact with the guard on the Master Electrical Con-

trol, via a wire lead, and left In contact for the remainder of the test.
Next the metal straps whould be positioned as shown in Figure K-252. The

multimeter should read tOy; If it does not, then the DC zero adjustment
screw needs to be set with a small screwdriver.

K-503 
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Figure K-252. Strapping Sequence for Multimeter InDut Jacks
17714

Remove the strap linking the red with the black terminals, as in Figure

K- 252B. You are not ready to read the excitation current. This current
excitation is used only as a monitor on the system, in order to ensure that
the electronics of the test are behaving properly. Unless the voltage drop is

equal to 1.02179±0.00010 V, some change has occurred, and correlation with
past data w i l l  be reduced. Since this reading is only a monitor, only one
switch position per box, need be recorded. This reading is recorded in the

far left column , headed REMARKS (Conts. Curr Mon). To read this data, attach

two leads (one red, one black ) to the respective red and black terminal posts

marked EXC CUR, on the Master Electrical Control. Attach the other end to the

left terminal posts on the multimeter, as in Figure K-253.

Whenever read ing voltages , the leads should always be connected as above,
in order to help balance the Internal electronics of the multimeter. Now check

to see that the function key is on ~~~~~~~ that the Master Electrical Control
mode swith is on constant current , then turn switch No. 1 (thoses switches are

mounted on the front of the ovens), box No. 1, to gage No. 1, and record the

reading. Now turn this switch off, and proceed in a like manner with boxes

Nos. 2, 3, and 4.

Figure K-253. Lead Wire Attachment on Multimeter InDut Jacks
17715
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The next step Is to check the bridge output with no excitation . Move the

l ead from EXC CUR to OUTPUT. Now leave the function key on ~~~~~~~~ and put the
mode switch to the off position , also check to see that all the switches con-

troll ing the gages are in the of f position. Flip through the gage switches,

one by one, being sure to turn each switch to the off position before going on

to the next switch. If all the readings are within the range of ±0.002 mV
then no data need be taken. If the readings are outsi de that range, then the

appropriate data should be recorded in the column headed BRIDGE O.P. No EXCIT,
mV. All the boxes may be read at this time.

Once this is completed, the voltage excitation should be measured . The

voltage excitation varies from gage to gage; therefore the reading from each
gage needs to be taken. Reading the voltage excitat ion Is also the easiest

way to recognize a broken gage. Unless the voltage excitation is equal to
1.000000±0.05000 V, then the gage is probably bad, and no data should be

recorded from it. In order to read voltage excitation , leave the leads on the
multimeter as they are, and move the ends connected to the Master Electrical

Contro l from OUTPUT to EXC VOLT. Now check to ensure that the multimeter is
on DVC , that the mode is on constant current, and that the switches control—

li ri g the gages are all In the off position .

Data for voltage excitation should only be read from one box, before

going on to read temperature and output. Fill in this data in the column

headed BRIDGE VOLTAGE, volts , by proceeding down the page, turn i ng to each

gage in succession.

Following the voltage excitation reading, the platinum resistor reading

should be taken . The platinum resistor leads are four blue and white wires
extending from the oven door, and they should be attached to the multimeter as

shown in Figure K-254.

Change the function key to Kfl, and note the time in the time column, then
record one platinum resistor reading in the column head PLATINUM RESISTOR ,

- ohms. Now remove the pl atinum resistor leads, put the straps back as in
Figure K-252; change the function key to DCV, put the mode switch on constant

K-SOS
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Figure K-254. Platium Resistor Lead Wi re Attachments to Multimeter
Input Jacks

17716

current , and att~~h leads from the inultimeter to the terminals 
marked OUTPUT,

on the Master Electrical Control. Now again record the time in the time

column , and read the outputs from that box, i.e., switch 1, positions 1 through

11; switch 2, positons 1 through 11, and switch 3, positions’ 1 and 2. Now

again record the time, and take an additional pl atinum resistor reading,

as described before. Proceed to the other boxes, taking voltage excitation ,
- 

- pl atinum resistor, and output readings.

You are now ready to read the 1~ i, 1,500n, and 50,000cl resistors. Take
four leads and connect them to the four terminals marked RESISTANCE, on the
Master Electrical Control. Connect the other ends to the multimeter, as
shown in Figure K-255.

_~~~~~~
- i o  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Figure K-255. Lead Wire Attachments to Multimeter for Resistance Measurement
177 17
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Depress the K~’2 key on the multimeter, turn the mode switch to off, 
and

/ 
check to see that all gage switches are off. Turn switch 3 to positions 3

• through 9 In succession, and record the data under the headi ng RESISTANCE, at
the bottom of the page. All the boxes may be read at this time.

Finally, the standard calibration resistor readings need to be recorded

on a separate data acquisition form titled DIGITAL VOLTMETER CALIBRATION

CHECK . First fill In the date, time, room temperature, and Fluke serial

number , as well as whether the meter has been DC zeroed. Then leaving the

— - lead connected to the Fluke multimeter as they are (e.g., Figure K-255)-, move

the other ends from the Master Electrical Control, to the standard resistors,
- - 

as shown in Figure K-256, and record the data in the appropriate column .

Black

Black _________ Red
S Vishay

gg 9S5 ohms ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* 
Figure K-256. Lead Wire Connections to Standard Resistors

177 18
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III. A Brief Guide to Trouble Shooting

A. Resistors

1. 1OC~, 1,5OO~1, and 50,0005Z resistors:
1O(z resistor should read 10.000±0.500

1,500cz resistor should read 1,500.000 ± 10.00

50 000cZ resistor should read 50,000±1,300

If these resistors do not read as above, then check to see that the
excitation mode switch is off, that the function key on the DVM is on K

that the straps are off, that four leads are used, and the DPtI range is

on auto. If the problem still persists, see “System Errors ” below.

-
: 

2. lOOcz Standard Calibration Resistors:

lOOfl resistor should read 100.00±0.060

Check that the DVM is on auto and on K~7, no “System Errors” should
- 

- affect these readings. Also the Vishay resistor tends to make a bad

connection with the leads. It helps to pull the leads away from the

terminal post, so that the spade lug is no longer touching the

actual stem.

3. Platinum Resistors
These readings will vary from box to box, but should correlate very

well with past data. If they don ’t, check that the leads are con-

nected as in figure K-254 and that you are on Kc� and auto. No sys-

tern errors will affect plat inum resistance readings.

B. Excitation Voltage
Excitation voltage should read 1.000000V± O.05000V. if it doesn ’t , check
to see that the straps are shorting out the two red terminals, and the

two bl ack terminals as shown in Figure K-252. Check that the function key

is on DCV, and that the power mode switch is on constant current; If
these don’t correct the problem, then see “System Errors” below.

K-508
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C. Output

The best way to tell whether an output reading is bad or not, is to

/ compare It with past readings. For output readings , the straps should

be up, constant current turned on, function key on DCV, and range on
200 mV dc or auto. For further guidance see System Errors.

D. System Errors

1. Comon Ground
A lead should be used at all times to connect the guard on the

Fluke meter with the guard on the Master Electrical Control. While

this guard has no effect on resistance readings , it is essential

when reading voltages, in order than a coninon ground state is used.

2. Fluke Meter
Be sure that the Fluke meter has been turned on for at least two

hours before the readings. Also be sure that the DC zero has been

properly zeroed.

3. Shorting Out Leads
If more than one set of two leads are used at a time (e.g., EXC

VOLT and OUTPUT are hooked up at the same time) then the possibil ity

exists that while reading from one set of leads , the red and black
l eads of the other set are in contact with each other and are short-

ing out the system. If EXC VOLT is shorted out, then no Output
will read anywhere near the proper value . However, if the Output

leads are shorted, then excitation voltage will be changed by about

±O.0005V this Is an Important change, but may go unnoticed unless

due care Is taken.

4. More than One Switch On
Last, but probably most important , is the possibility that if more

than one switch in series is on , then the gage readings will be

superimposed. This appl ies to both resistance and voltage readings .

Particular care should be taken to inspect the switches controllin g

• the freezer as wel l as the ovens.

K—509 

-.. - 

~~~~~~~

,-- - --a 

____ __a~__.__ _._ — ~~~~~~~~ - .i~_._____~~~~~ _._ . - -



EPOXY CREEP EVALUATION TEST DESIGN

Circui t Design

Potential Problem Design Solution

Line resistance changes Three-wire circuit to balance resistance change
with age and temperature in bridge; all three wires are switched together
causing zero shift and
sensitivity shift Wire gage selector switch wiper with No. 18 AWG

Short leads to gage selector switches

Provide shunt calibrat ion check

Gage selec tor switch Switches are of low and stable contact resist-
contact resistance ance and low thermals design (Leeds & Northrupt
changes P/N 31264)

Connon mode voltage Short length of unshielded wires from temperature
cau ses “noisy” readout box to switches

Tie shields from switches , power supply and
complet ion resistors to DVM guard and to ground
and to power supply center top

Possible thermoe l ectric All paired junctions are in stable temperature
output environment

With excitat ion off, output is read with switches
in the off position and gage positions (all read-
ing should be zero)

With excitation off, output of 5O6~ resistors isread (output should be zero)

Possible diode effect Read outputs with zero excitation; then compare
outputs with normal and reverse excitation

Excitation voltage or Monitor excitation before and after gage
changes measurements

K-S1O
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EPOXY CREEP EVALUATION TEST DESIGN

Test Equipment

Potential Problem Solution
- - Temperature Monitoring Each beam box is equipped with a platinum resis-

tor calibrated to an accuracy of 0.005°F.
• Each beam box is equipped with 2 copper constan-

tan thermocouples which are continuously moni-
tored with a 24—channel strip chart recorder.
These sensors are used to monitor oven fail ures
and are accurate to ±2°F.

Copper constantan thermocouples are used to moni-
tor room, meters and power supply temperatures.

Bulb thermometers are used to monitor standard
cells and resistors temperature.

Power Supplies Constant voltage is supp l ied by a KEPCO 0-2 VDC
P.S. which is kept in an insulated oven.

Constant current is supplied by a CALEX I’PID 930/
MK 296 current supply which is kept in an insu—
lated oven.

Digital Volt Meter, Excitation voltage measureme nts are made on the
Fluke 8800A DVII 0.2 VDC scale with an accuracy of ±54,~V at 1 V

excitation . Accuracy increases to ±20,~.V at 1 V
excitation when special daily transfer calibra-
tions are made.

Excitation current measurements are made across
a precision 506±0.00552 resIstor with an accuracy
of ±0.00011 mA. The accuracy increased to
±0.00005 mA when special transfer calibrations
are made .

Wheatstone bridge output measurements are made
on the 200 mV DC scale with an accuracy of
±5~ V at the 0-10 rnV output range. With
special transfer calibration the accuracy
increases to ±2~ V throughout the measu ringrange.

Resistance measurements of the pl atinum tempera-
ture sensors are made on the 0 to 200fl scale
with an accuracy of iO.O11.a. The accuracy

• increases to± 0.00552- with special transfer
calibrations.

K-511
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Calibrat ions Standards Leeds and Northrupt Model K-3 potentiometer
used for transfer with an accuracy of *1K V throughout the
calibratIons 0 to 200 mV range.

Unsaturated standard cells nominally 1 V DC
with an accuracy of *10~.~V (2 cells)

Nominal 100 standard resistor with accuracy
*0.00152, direct traceability to N.B.S.

Platinum Resistors When used with the Fluke 8800 temperature can
be read with a resolution of *0.005°F and
accuracy of *0.05°F with transfer calibration s
accuracy increased to *0.02°F.

Precision Ice Bath Maintain freezing point reference for measuring
changes in platinum resistor calibration.

S
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APPENDIX L

EPOXY CREEP EVALUATION TEST UNCERTAINTY ANALYSIS
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EPOXY CREEP EVALUATION TEST I!~C~ (TAINTY ANALYSIS

SEMICOND ’CTOR GAGE EV.’.LUATION

PURPOSE Determine the magnitude of epoxy creep of

Ipaxylits 620 3 adhesIves. Determine gage factor-temperature

aenaitivity and aging of semiconductor strain gages .

METHOD Conduct both short and long term testing to evaluate epozy

creep, Pc, define as:

F = 4~~2~ LLc Eex Cb GF
‘v~’here: Eex 

Bridge excitation ‘voltage

E0 Bridge output

c — Beam strrinb
SF — Cage fac~or

is m~re precisely written as:

(E +A E (E ))
F
~ 

=4 

~~ 
AEe:(Eexfl bo’~T 

AT + .-
~~~~~ ~P + }-~ ~

g + -
~~~~~ ~~)( GF0+1~ ~~~~

‘‘
~~ 

~~~~~~~~~~ 

.~4ge)

Where: E0 
Measure bridge output duc to 1c~a~ irg

AE 0 (E 0 ) = Calibration correction for E~,
determined by transfer calih~atiQus

Eex — Measured bridge excitatir n

AE ex (E ex ) = Calibration correction for Lax
determine~1by tr~.nsfc’r calib~.atio:~s

£bo Calculated beam strain

Beam Strain Correction for ~~~]i
tempera ure Variatiotic

— Beam Stra in  Corroctici n for snal)
pressure variations

• 
-
~
j— A~ — Bean Strain Correctit’n fcr s:~~1l

grav i ty  var i at ions

— Beam ‘ t r ain  Correctic ’n for  s’~ i~ l
in bean inclination angle variatic’m ;

SF — Exp~r imeiita1]y det erntncd ~ agC f3c t n t , 
-

nor ,nal llzcs r~ ~ i.o ~~ ot~~ ct ~i
L 515 exper tm” i i t .  
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.4 ~~~~~~~~ AT • Gage factor correc tion due to small
temper at u re variations , exper imentall)
determined.

• 
~~ —Aage ” Gage factor correction due to gage
sage aging , experimentally determine d

dF c 
— Error in deter mining epoxy creep

4

also ,

(6c)

2
(6Eo

S
~
2

(dEex)
2

(
~~
F)

2
(Sc~~
)

2

due to accuracy limitati ens or uncertainties .
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.4 EPOXY CREEP EVALUATION TEST D~SICN

FOIL GAGE EVAL UATION

PURPOSE Foil gage data is used to approximate beam strain variation during
testing .

4 1E E ’

where: Lb — A beam strain of before & after beam loading

GF • Foil gage factor

E0 — Gage output without added load

Eex — Constant voltage excitation to produce E0.

E0 ’ — Gage outp u t with added load

Eex ’ — Constant voltage excitation to produce E01

— Error in ca1culating ’~beam strain vj a foil
gage methcd .

Also , 
~ b 

= Cb 
4~
/

~~~~ )2 
(

4E~ )2~~ +1~~
P
~~~

2 +~.~i)
2 

~~~~~~~~~~~~~~~~~~~

The error can be calculated if we use test data available . For example , w i t h

I

GF — 2.075 ± .010

E0 — 2.359 ± .002 in Volts

Eex — 1.01964 ± .OO00~ Volts

— 2.250 ± .902 m volts

• E
~

’ 1.01568 ± . 0 0 0 0 2  Volts
I

Added Load — 221 gms

• 2O7 .C5~ic ± l .43~c STRA IN DUE TO AflDCD LO~DI~ G

L— 5l9
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EPOXY CREEP EVALUATION TEST DESIGN

Test Configuration

PROBL~~~~I 
SOLUTION

1. Beam stress changes with constant A. Monitor end displacement of beam .
load .

2. Temperature variations and grad— A. Control oven heaters with gro-

tents portional controllers , ±.5 F.

B. Enclose beam in separate insulated
box.

C. Allow oven fan to operate continuously
during conditioning .

D. Monitor temperature variations to
±0 .005°F with plati num resistors .

3. Potential moisture problem A. Purge inne r beam box with GN2 .
Turn off GN2 at least 2 hours
before taking data .

B. Monitor moisture with humidity gage .

1~. Vibr:t1c~~l Problems 
A. Isolate ovens from equipn~ant with

moving parts during data acquisition.

L-520
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UNCERTAINTY SUHMA RY

The largest source of measurement error is produced by the limiting
accuracy of the temperature sensor—readout system. This error is
estimated to be .11%

The second largest source of error is the uncertainty in beam inclination
angle. With a sensitivity of 4.45~c/°, the uncertainty is estimated to
be .0360, leading to a measurement uncertainty of .06%

The third largest source of error is measuring the bridge output , estimated
to be .02%.

AU other measurement uncertainties are at least 2 orders of magnitude less.

L— 527
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APPENDIX II

GENERAL UNCERTAINTY ANALYS IS

By Dr. Robert Moffett
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Uncertainty Analysis

Measuring operations other than counting , which is inhe rently

an integer ope ration , produce approximate values due to “uncertainty ”
in the laGt recorded digit (u&’ perhaps the f i r s t  un-recorded d ig i t ).
When these approximate value~; are processed thru a data reduction
program the uncertainties in the inputs produce an uncertainty in
the output determined not only by the amount of uncertainty in the

input value s but also by the type of operations involved in the
calculations. Some operations amplify the uncertainties, others
tend to suppress them. The mathematical process of predicting

the uncertainty in the output of a set of calculations is called
“Uncertainty Anal~sis”. The result of such an analysis is a
rigorously derivable value, once the form of the equations is set
and the uncertainties in the Input values chosen. The judgmental

aspects of Uncertainty Analysis are over once the uncertainty
intervals have been assigned to the input variables. The term
“Experimental Uncertainty ” used in this sense is much more precise

F than is frequently implied (one often finds that any scatter in
data is described as Experimental Uncertainty). An accurate pre-
diction of the uncertainty in an experimental result is a powerful
diagnostic tool as well as a valuable aid in selecting optimum

test programs as will be demonstrated in later sections .

The most troublesome aspects of uncertainty analysis are
the ju dgr~ental ones: what to use for the uncertainties in the
Input values? This question cannot be answered until the end use
of the analysis is known .

If the objective is to predict the “scatter ” which will apPear

In repeated trials at the same nominal set-point, then the un-

certainties in the input variable3 should be chosen to reflect
only those aspects which are not ~

!fixed iI during the repeaced trials.
• “Uncertainty ” in the calibration: Cf the instruments should not

appear, because that  aspect of the. system would remain invariant

during the repe ated t r ials .  Th~ rcsults would be wronc, if th~

M—530
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calibrations were wronG, but they would not “scatter ” as long as
• - the zame Ins truments were used for  each trial.

The objective Of the analysis might, on the other hand, be
to predict the agreement which could be expected if results from
one set of experiments were compared with results of another in
a different laboratory usinG a similar apparatus and similar
iAstrujnents. In such a case the “uncertainty ” in the instrument
calibrations should be inclu’ied since, with respect to the other
apparatus, your data could “scatter ” due to differences 1n~ the
calibrations of the instruments. Discussion of this problem can
be facilitated by introduc ing the notion of “replication level ”

and discussing the calculated result from an experiment as a
function of several variables (the input measurements) and several
parameters (the fixed aspects of the experiment). First, however,
the description of “Uncertainty ” must be quantified.

- ;  
Describing the Uncertainty in a Value

When an instrument, has an “analogue ” output (an output which

is not “di gital ” is “ar ialo~ ue ” )  then hu.mar. judgment is ul t imately
required to establ ish the r eadin~~. The interpolation operation ,
or es t imat ion  of the pos i t i on  of ti:e pointe r bet~:een two ad jacent
sca~ e marks i n t r o d u c es  an “un c e rt a i n t y ” int~ the reading .  If an
i n f i n i t e  number of independent  readings wer e  s imul taneously  obtained
(to avoid any possible change w i t h  t ime ) they would show a smooth

-

i 
d i s t r i b u t i o n  about the i r  mean value .  For many instruments  the
d i s t r i b u t i o n  is ve ry nearly Gaussian or Normal so that approximately

95% of the data points  lie w i t h i n  -i-2a of the mean value , where ~
is the s tandard  devia t ion of the d i s tr ibu tion  (Ref .  1) .  Consider

11. P. Y oung,  “S t a ti st ic al  Tre atm cnt  of Exnerirnenta] .  Data ”
(McGra~

.:-Hill j~uck Co ., 1932) p. 6’; .

one addi t ional  r ea din~ 01’ that  ~~~~~~~~~~ irF strwnent : wi thou t  even
looking at its value , one migh t offe r 20:1 odds that it woul d lI e

M — 5 31. 
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within +2a of the previous]y established mean . If the point lies
within 2a of the mean , then the mean lies within 2a of the poi~~t~
Thus, given the value of a and any single reading, one might

• offer 20:1 odds that an infinite number of repetitions would produce
a mean value within +2a of the singl€ available value. This latter
situation closely parallels an experimental situation. By exper ience

and special tests one establishes an estimate of a for a given
instrument. Then, rather than recording an infinite number of
independent observations and taking the average, one estimates
the band width within which the true value probably lies: this
band width is the “uncertainty ” associated with the measurement.
In the absence of any better knowledge it is usual to center the
band width about th~ actual observed value. Thus if the recorded
value were 90.1 and previous experience indicated a value of

H a of 0.05, a complete statement of the observation would be the
following:

R = 90.1 ± 0.1 (20:1) (1)

the the the
observed uncertainty confidence

value level

Related by the
statistical prop-
erties of the
instrument

Note, for a eiven instrument, that the tighter the band

width, the looser the odds . That is, one might be willir.g tc
wager 20:1 that not more than 1 pe rson in twenty would have read

• the same instrument differently by more than ±0.1 , but only 10:1
odds that the agreement would be ~.:ithin± .O5 and “even money ” on

It wi.1l prove mathematically convenient to establish a

uniform confidence level (ODDS) for all the estimates associated
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with a given experiment , and adjust the uncertainty intervals
associated with the individual readings. It is mathematically

• simplest to propagate uncertainties when they are quoted at a
uniform probability .

• In all the following discussions it will be assumed that
each input value is presented in the format shown in Eq. .(i) and
that it is desired to also express the result of the experiment
in that  same format and at the same odds as quoted for the input
values.

Rep l icat ion Level and the Ass ignment of Unc e rtainty

It is desirable , at this point , to defer  the mathematics of

un~ er tain ty  propagation for  mul t i -var iab le  problems and symtol ical ly
discuss the results and their  interpretat ion . The significant
mathemat ics  can be t reated in later sections .

Let us discuss a result , R , calculated f rom a set of
independent  me asurements , the x~ , and possibly a f fec ted  by
various other aspects of the experiment such as ins t rument calibra-

t ions , test procedures , or hardware design . Denote these othe r

-

• aspects of the experiment as parameters , the p,~ , from t he i r
mathemat ical  analogue . Thus the formal representation would be :

(2)

R t~3~~(x 1, x2, X3 ~ p l~ P2~ P3 ~~~~~~

“

—~~~~~~--~~
-
~~~-

--
~~~~~~----- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

-

the Variables Parameters
ca lcu la t ed  Independently re- As pects of the experi-

resu l t  corded for  each t r i a l  ment which  do not change
at the cons ider ed rep- from trial to trial at
lication level the considered replica-

tion level

The computing equation ,~~ . , is the data reduction program .

The values of the x1 are the inputs required . The result, R
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is the numerical value of the output. The parameters do not
ex plicitly appear: their effect is “behind the scenes ” as , for

example, the calibrat ion of an instrument whose reading is used

“as is ” .
Assume now that the uncertainty intervals for each of the

variable s have been selected to include only the interpolation

uncertainties implicit in reading the instruments. These un-

certainties can be formally propagated throu gh the data reduction

equations and will produce a value , oR 0 , which is the l ower
bound for the va lue of the uncertaint y in the result R.

OR 0 = tSR (6x 1, Ox 2, Ox 3 . . . ox~ ). (3)

This will be referred to as the uncertainty of the Zero~~- Order

Replication. No sequence of trials (repetitions of the experiment)

can be expected to produce data with scatter less than the pre-

dicted value of OR 0 even if all the instrument readings are in-
variant with time. The unce rtainty interval calculated for the

Ze ro
~
b Order Replication is chiefl y useful in predicting the

effect of the ind iv i dual instruments on the ove rall uncertainty of

the experiment. In any experiment certain instruments are more

critical than others and this can clearl y be shown by an uncertainty

-

• analysis of the Zero~-~ Order.
Most physical experiments are not stationary but are subject

to time-wise fluctuatio ns , to one degree or another , and all

• sequences in the real world are necessarily time-wise. Thus
“time ” is an unrecorded variable in all sequences of trials and
its effects are necessarily included in every real sequence of
data. Let us re-evaluate the uncertai nties in the x 1 to include

the time -wise random variations of the pointers of the instruments.
Such an evaluation is easil y conducted : one simply sets the test
apparatus to a particular set point and then records 21 independent
readings from each instrument. The resulting scatter provides an
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estimate of the uncertainty interval for 20:1 odds (one reading
of the twenty-one lies outside the interval). Formally this
operation is equivalent to including time, 9 , as an independent
variable and evaluating its effect on each of the independent

• variables as an expansion in a time series. The effect is that
one more variable has been added to the input string: the re-
sulting uncertainty will be denoted by 6R1 , the uncertainty
for the First Orde r Replication .

oR1 = bR (~~j~, b>~2~ ~
‘j
~ 

• • •
~~ ~~~

The include the
average effect of time-
wise fluctuations

The Uncertainty for a First Order Replication is the lo.:est
value which can be expected for the scatter in a sequence of

trials using all the same instruments and equipment. It follc’::s

• that OR 1 must be equal to or gre ater than OR 0 , and is only
equal to OR0 under the rare conditions when all readings are

stationary.

The value oR 1 provides the first diagnostic utility of’

uncer tain ty  analysis.  If the values from a sequence of tr ials
at the First Order Replication level (i.e. all the same instrurents

and equipment) show a larger “scatter band ” than the anticipated

value of ±5R1 , then the data reduction program used in cal-

culating the result, R , from the inputs, x~ , does not inc lude

all of the aspects of the experiment which are, in fact, variable

during the sequence. This can be represented formally by the
claim th~tt one or more of those aspects listed as paz-ameters

(i.e. invariant during the sequence of trials) are in fact

variables anci their effects should he included in the data re-

duction program.
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To illustrate this  points let us consider an experiment
aime d at determ ining the heat transfer Stanton nuznber , h/Gcp ,

for  a boundary layer flow along a flat plate . A sequence o~
tr ials on diffe rent days rni~ht yield results varying by +1%
due to day-by-day var ia t ions  in the humidity of the air (the
specific heat of ~-4ater vapor is t~.Lce that of dry a ir s ) .  An
otherwise carefully controlled experiment which , in its data
reduction program, assumed the specific heat to be a constant
would produce values of the Stanton number which reflected the
variations in specific heat. If the anticipated scatter band

- j for a First Order Replications of’ that expe r iment were s u f f i c i e n t l y
narrow , then the additional 1~ scat ter  due to the unrecognized
variable (humidi ty ) would be visible : the actual data would

scatter 1~ more than expec te d . This occurrence should suggest

to the cautious experimenter that his experiment ~as not yet
adequately described by his data reduction program.

The First Order Replicat ion leve l is thus re la ted  to re-
peated trials on the same apparatus, using the same instruments.
Unc e rtainty intervals calculated for  this repl icat ion level are
usefu l in deve 1-~ping an exper iment  and its data reduct ion  pro~ rar~.
For such a level the intervals for the inputs should inc lude nct
only the instrument interpolation interval but also the effects
of time-wise variations in a nominally steady reading .

For every recorded bi t  of input data there is at least

one instrument and each instrument is a member of a family of

instruments whose calibrations are randomly distributed. Assume ,

not-i, that one of the instruments is replaced by another of’ the

s ame design but d i f fe ren t  identi ty and a second sequence of t ria ls
recorded.  The me an value from the second sequenc e w ill d i f fe r
from that of the fi r s t  if the calibration of the new instrument
d i f f e r s  from the old. All such possible exchanges can be a~-
cornmodated in the uncer ta in ty  analysis by inc luding the in~~t~~~~~~~t

cal ibration uncer ta in t ies  into thc  values chosen for  the ~~~~~~ .

This implies replication of a very high order wh ich w ill be
referred to as the I-~-~ Order Replicction
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the ~~~~ Include inst ru-I
ment calibration uncer-
taint ies

Results from any one experimental program should show much less
• scatter than that predicted by the Order Replication, and

results from any group of experimental studies (different pieces
of apparatus etc.) should agree with one another to within the
predicted values of ORN providing that the physical structure
of the apparatus used in each experiment is the same .

The N~i Order Replication level Is the level of uncertainty
at which one must present his data for comparison with the work
of other investigators. Notc that the process of calibrating
an instrument is one of eliminating the uncertainty as to its
identity and stbstituting the uncertainty reg~rding the identity
of the reference instrument (hopefully a smailer valu~ ). Thus
a dime-store thermometer with an uncertainty interval of ± 

20F
could be equipped with a magnifying scale reader, a scale vernier,

and calibrated against a reference thermometer to -4-0.01°F and,
providing it were stable and repeatable, this calibration is now
“uncertain ” only to that avel (÷0.01°F). A calibration equation

I is an extension of the data reduction program aimed at reduc ing
the uncertainty.

There is an alternative way of discussing the different
replication levels which may be useful . Consider a result , R
derived from a set of input data, the x~ , subject to change
with time 9 , and to certain parameters, the p

~ , of which the

first “ri” are instrument calibrations. The different replication

levels can be thought of’ as the result of’ shifting the separation
• point between var iables and parameters .

-
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R R (x1, x2, x3 x~ ; ~ ~ r’1~ p2 1 p3 
... Pn~ 1’n+l

~~—~~
-

~~--- ~~~~~-~~-
measured time instrument stationary
variables calibrations factors

th-‘she Zero— Order Replication fixes time and all parameters :

= 5R(5x1, 5x 2, 6x 3 
“ 5x~) ( 7)

-

~ 

- 
The Firs t Order Repl ica t ion  Leve l permits time to vary and
includes the uncertainties due to non steady behavior.

— 

§ R1 = 5 H (~~jj~ ~~~~~~~~ ~ç ... ~~

.c, ~~
) (8)

The Order Replication permits time to vary , includes the
uncertainties due to non—steady behavior , and considers instrument
identity as a possible random variable .

SR N = 6R( ~~~~, 
•

~~
•5

~~~
:, ~~ ~~~~~~ 

~~~~, 5p1, §p 2, sp3 
.• .  S p )  (9)

It is clear that even the uncert ainty pre dictc i at the N -
Order Replication Level cannot anticipate variations due to the
physical structure of’ the apparatus or to d i f f e rences  in the general
experimental approach chosen. It remains the responsibility of
the investigator to ensure that the physical s t ructure of the
apparatus does not a f fect  the quoted results . One brief  example :
suppose that  an exper iment  is proposed to measure the velocity
d i s t r ibu t ion  in a pipe of d iameter  D by t raversing a probe of
diameter d ac ross i t .  The relative size d/D will  a f fec t  the
blockage at any position of’ the probe . Probes of d i f f e r en t
diameters will  cause d i f f e ren t  values of tunnel blockage and ‘-:ill
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yIeld different profiles of’ velocity . These differences are not
amenable to uncertainty analysis . If , howeve r , the data reduction
program is designed to correct for this bloc kage effect , then the
uncertainty in the correction process can be incorporated into
eithe r the velocity or the position variable (assum ing that the

correction program has , on average , the correct e f f e c t ) .
If results from d i f ferent  experimental groups fail to agree

to w ithin the expecte d value of ±6RN this suggests that there
are structural effects in the experiments which have not yet
been identified.

Propagation of Uncertainties in Mu~ti-Variable Problems

When a result, H , is computed from several different inputs,
each of which has an uncertainty described as in Eq. (1), then the
value of the result is uncertain. If the uncertainties in the
inputs are bounded then we could describe the greatest possible
excursion in R which could occur due to the least favorable
combination of the largest allowable excursions ifl each input.
Such a measure of the uncertainty in R is sometimes ~useful,
when the penalty for optimism is great and the price of pessimism
is low . Such a large value is, however, the least likely value
for the excursion in H : it requires that simultaneously each
input Is perturbed to its greatest exten~. What is generally

• desired is a statement of the most probable value of the uncertainty
interval in H , expressed at the same confidence level as was
used in describing the inputs. Such a statement requirea that
the uncertainties in the inputs be propagated through the data
reduction program at constant probability. It has been shown
by Kl ine and McCJ.intock (Ref. 2) that such a propagation can be

S. J.  Kline arid F. A. McClthtock, “Describing Uncertainties in
Single Sample Experiments ”, Mechanical Engineering, January 1953.

done in a relatively simple manner as described below .
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Consider a result H , a funct ion of several variables, the
x1 , and wr ite the formal express ion for the change in R which
would result from an infini~e3ima1 Lhange, dxi , in each of its
variables. Note that dR is the excursion which would result

dR = ~~~~~
— dx

1 
+ ~~~ dx2 + (10)

if each of the x1 were simultaneously perturbed by an amoui~t

6x1 . Thus dR Is related to the least probable but largest

value of’ the possible effect of changes in the X
i 

(assuming
all the coef f ic ien t s  posi t ive , for  convenience) .  In a system
where the per turba t ion  in the x 1 are uncer ta in t ies  and not
specif ied perturbat ion, then some of the 5x 1 will prob ab ly be
positive and some will probably be negative so that the net
effect will not be as large as it might be. Kline and McClintock
have shown that the way to combine the individual effects which
most nearly preserves the true statistic l probability is to use

a Root-Sum-Square adJition :

1/2

SR = 

~
(
~

— §x1)
2 

+ (
~

_- sx~ )~ + . . .  . (SE. S x )  
~ 

(11)

For such a c ombina t ion :

IF - 1. Each variable is independent and comes

from a Gaussian distribution and ,

2. Each variable is described by a state-

ment of the rorrn

x~ = -4- at ( ODDS)

where the sam e odds are used for  eac h
of the v a r iaL le s .
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R = ~~~ + 6 R at (ODDS)

• where §R is given by Eq. (ii) and the odds are preserved.

In many situations the relative , or percentwise , uncer ta inty
is of more significance than the absolute value. When the result ,

B , can be expressed as a product of several factors the relative

uncertainty is very easy to derive , even when the factors are
raised to different powers.

IF: R = (X 1
a) ( X 2

b ) ( X
3

c )

Then = ~~~
a_i

(X b)(X c) = 
aR

a~ b-i c~ bR
= (x1 j (bx 2 

) (x3 j  ... =

yielding: 1 2

~~~~6x1
2

+ ~~~~5x2 + ”  
/

R R
2

2 1/2
a6x 2 b5x I

= { x1~ 
+ + (12 )

-.

The form —
~~ represents the percentwise uncertainty in the

X j  -

value of x1 . Note that the exponent becomes the “weighting
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factor ” and that the sign of the exponent does not affect the

result. Man~’ instrument cal ib ra tions are expr essed in “percent

of reading ” and fit ver y conveniently into thi s format . Note

that inst rument calibrations expressed as “percent of full scale

reading ” do not satisfy this criterion : that sort of specifica-.

tion describes the absolute , not the relative , uncertainty.

Table I: Examples

N N 2
1/2

1. H = Z X
i 

1. SR = Z (6x~ )
- I 1=1 i=l

2. R = 
1~~1

Xj  with §X
i 

= 2. SR = Sx

N 1
3. R = Z xi with  5x1=b~ 3. SR = Sx

i=l

1/2

~. B = 
a 

+ ~~~~~~
b 
+ ~~~~~ 4 . SR = ~(ax l

a xl)
2+(bx:

b_ 18x 2)
2;...~

b 
aR6x1 bRSx2

5. R = (X 1)
a
(X2) (X 3) C ... 5. SR + + 

...

2 2 1/2
aSx 1 bSx 0

AND : — =  ÷H x1 x2

If the uncertainty interval for each of the inputs has

been selected for the same odds , say 20:1, then Eqs . (l l ) . an d  (12)
predict the uncertainty in the result for  those same odds. The
seine for-in is used for  calculat ing the uncertainty for any replica-

tion level - only the values of the §x 1 change.
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Evaluat ing the Coefficients

- - When the experiment is such that R is given explicitly

• by an equation involving the X
1 

the value of each coefficient
is found by taking the partial derivative of R wi th  respect
to that variable (~ W~ x1) and evaluating that partial der ivative
at the conditions of the test. Some experiments involve sequences
of calculations so involved that it is impractical to evaluate
the partial derivatives analytically . If the data reduction

operation has been programed for c omputer use, then it is possible
to nume r~ ca1ly approximate (~ F~/~ x 1) us ing the definition of’
partial. derivative:

i~ u r n  
R(X + ~x )  - R ( x )

= &. —o ~~. (13 )
1 1 1 fa l l  other

~ ver iables
\held constant

- 
- 

To execute this, one would first reduce the data with the given
input values of each of the x1 , store the value H , and then

recompute R increasing one of the input values by a small amount.

This re-computation is required once for each variable. The result

is a set of numerically deduced approximations to the values of
which can be used in Eq. (11) to evaluate the uncertainty .

Data reduction programs Iflvolving jud~ nent such as graphical

differentiation or curve matching, pose special problems . Exper-
ience suggests that the uncertaInties in these operations shoul d
be tre ated as separate inputs , wi th  independent uncertainty
intervals deduced by repeated trials, rather than attempting to

deduce them based on the coord inates of the input points.
The Root-Sum-Square combination has the effect of strongly

emphasizing the larger terms and suppressing the smaller.
Consider, for example, the following strings:

5 + I. + 1 + 1 + I. ÷ 1 = 10
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( 2 5 + l + 1 + l ÷ l +l ) ~ ’2 = (30) 1/2 54 9

Note that eliminat ing eve ry one of’ the unity variables has the
effect of reducing the Root-Sum-Square by only 10%. One can be
reasonably safe in discarding any term less than one-fifth the
size of the largest term . A common error in applying uncertainty
analysis is to becom e involved in an endless un-raveling of the
equations, introduc ing uncertainties in ir and g

~ 
and J ad—

infinitum until the significance of the result is lost in the
probability of numerical errors .

The Independence Criterion and Shared Var~~bles

Long and complicated sets of calculations are tedious to
handle by uncertainty analysis. It Is frequently attractive to
think of the final result, B , as being computed by a brief
formula involving subordinate results, the H1 , each of which
has been evaluated by a smaller, more tractable dat-a reduction
program. Rather than a single large equation for the uncertainty

in the result, or~e deals, then, with a small set of simpler
equations for the values of SR1 , and then one final equation
for SR . Such a technique must, however, be used with caution.

A fundamental assumption required to justify the Root-Sum-Square

propagation is that each of the variables is independent. If

any two of the subordinate results, the R1 , share a common

input variable, then they are not independent in the sense re-

quired here. Treating them as independent has the effect of
over emphasizing the uncertainty in the shared variable: its
effect is counted twice.

Consider the uncertainty in a calculation of •the effective-

ness of a heat exchanger based on measurements of the tempera-
tures of’ the fluid streams. For simple cases:

— (lL~)
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Assuming each temperature to be measured independently , then

2 2 2 1/2) T 
ST1 + ~~~~~~

_. ST2 + ~~~~~~
_. 

~ (15)

T
~
-T1 

[(~-1)6T1]
2 
+ ST2

2 
+ [~~6T3]2 (V (16)

1/2

H = T~-T1 
~~~~ 5T1) 

+ (
~ 
5T~) 

+ ST3 (17 )

It might appear simpler to deal with the effectiveness as

the quotient of two temperature differences, thus yielding only

two terms In the uncertainty analysis :

Let AT12 ~ T2-T1 and AT13 ~ T3-T1

AT
Then = AT (18)

13

Given this form, one might propose that the “product ” form applies.

Let us examine this hypothesis .

2 2 1/2
? PAT12 \ /5AT13(,~ AT1~~) 

+ 

~~~ 
AT

1 

c - 9

2 2 1/2
where SAT 12 = ~(5T1) -s- (5T2 ) ~

2 2 1/2
SAT13 = ~(oT1) + (6T3)
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Equation (19) is certaInly simpler than Eq. (17). It Is not
correct , howeve r , since it treats T1 as having been measured
twice , once to evaluate the numerator and once to evaluate the
denominator. Note that the experiment could have been instrumented

to make Eq. (19) true, by installing two temperature sensors in
location 1 and reading each independently of’ the other. Similarly,

Eq. (19) could have been made correct by installing differential
thermocouples to directly measure the two temperature differences.
The form of’ the uncertainty analyses and the technique of the
experiment are closely connected.

Let us proceed by expanding Eq. (19) and comparing the result
H with Eq. (17). From Eq. (19) we obtain

H from (19)
1/2

-1 = T3-Tj ~~ §T1~ + ST1
2 
+ ~ §T~~ + ST

3
2 

~

= T3-T1 e~ 
5T

1) 
+ ~~ 5T

1) 
+ (

~ 
ST~

) 
+ ST

3 

(20 )

from (17)

= T3-T~ (iii 5T
1) 

+ (
~ 

5T
2) 

+ ST3 

1/2

Note that the result from Eq. (19) contains an extra term
involving ST1 , as a result of sharing that variable between
the numerator and denominator. As a result of this extra term
the calculated uncertainty in effectiveness will be too large.
While this may seem, at first .glance, to be “conservative ” and
therefore acceptable, it may not be. If the uncertainty analys s
is being conducted with values of the 5x1 chosen for a First

Order Replication, with the objective of predicting the expected

P1-546

— -—-- --- ~~~~-——--- - - -- - -  -~~~-- -~~—- -- -  - - - - -



- 

~~~~~~~~~~~~~~~~ - 

scatter In a sequence of data , then this overly-large prediction
of SR has the effect  of relaxing the criterion for acceptanc e
of the data. If the calculation is of N.~!I Order, aimed at com-

paring results from two different sets of experiments, then the

use of an overly large uncertainty may hinder identification

of real differences between the data sets. The problem of

s)~ared variables also arises in evaluating the 
uncertainty in

integral parameters derived from experimental data. When a probe
Is traversed across a region there is an uncertainty in its

position as well as its output , and each affects the uncertainty
in the integral. Both the ordinate and the position value from

- 

- each probe location are “shared ” by the interval on either side .

Use of Uncertainty Ana~ysis in Select±ng the Optimum Expe
rimental

TechniQue

It frequently occurs that more than one experimental technique
could be applied to a given problem . Uncertainty analysis can
provide a rational basis for choosing among these alternates,

before the experiment is run. Consider the heat exchanger problem

illustrated by Eq. (17)

1/2

• (17) ~ T3— T1 { (~
_l 

5T
1) 

+ (
~ ~~

2)~ 
+ ôT3 }

Note that the result, ~ , occurs inside the expression for the
fractional uncertainty . }~ow then could one execute this 

analysis

before ~ had been measured? The answer is: parametrically .

Assume a set of values for ~ and solve Eq. (17) to show the way

in which the uncertainty varies. To illustrate, let us compare

• the relative importance of errors in T1, T2 and T3 as the

effectiveness changes.
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Table II. Parametric Evaluation of b~/~

.1 9 10 1

.2 4 5 1

.4 1.5  2 .5 1

.6 .66 1.66 1
H .8 .25 1.25 1

1.0 0 1.0 1

• - Tnus T1 and T2 are much more important than T3 
in setting

the uncertainty ir ~ at low values of ~ . All are about equally
important at intermediate values (

~ 
0.6) and T1 is of less and

less Importance as ~ approaches unity. Except in the case of the
most pioneering sort of experiment, the result can usually be
anticipated with at least “order of magnitude ” accuracy. If, in
this instance, ~ were expected to be low, then the measurements
of T1 and T2 would have to be very carefully handled , and
this can be determined from Table II without knowing exactly

what value of ~ will result.
Table II illustrates the use of’ parametric uncertainty

analysis to identify the cri t ical  measurements in an experiment.
It is thus an aid to the e f f i c ient allocat ion of resources, once

tue experiment has been chosen. The same form of’ analysis can be
used to choose between two candidate experimental techniques, each

capable of producing the same output.
Consider the problem of measuring the average heat transfer

coefficient from a 1.0-inch diameter, round rod 1-foot long

(neglecting end effects). Two techniques have been proposed:

steady state, and transient.

P1—548
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Steady State Test:

The rod is suspended
%onv grad in the stream and

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

• 
- been reached , the data

Fi qure M-259 1772 1 
are taken;

Data for Steady State Test

Measurand Units Symbol

POWER Watts W -

TEMP. of ROD °F T

TEMP. of GAS °F TG
DIA. of ROD FT D

LENGTh of ROD FT L

The heat transfer coefficient can be deduced from the following

definition:

A ~o 
POWER - - q1 

~1)h = A (T_ T G ) = A ( T_ T c )

For simplicity , we shall assume = = 0

O . O0O 9~~~ 8 W 22)
h = i

~
DL(T_TG) 

(

a P1-549
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The rod Is suspended in
q 

~~~~
/ the stream and electrically

___________________  

heated. When steady state

has been reached , the power
Figure M 260 

17722 is turned off and the cooling
(Assuming No Losses) curve is recorded.

The tempe rature-time record might look like this :

HeatinQ —
~~~ ~~~ Cooling

Figure P4-261
17726

From the cooling curve, one can measure the time, in seconds,

required for the rod to complete 63.2% of its response to this

step change in conditions . This time is called the characteristic

time, t , and is rclated to the heat transfer coefficient and theri~ia1

storage capac ity of the rod by the following:

Mc (~3

N- 5 50  
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whe re M = mas s of rod, ibm
c = specific heat of’ rod material, BtU/lbm ~~

h = heat transfer coefficient, Btu/sec ft2 ~F

A = A r e a , f t 2

Data for Transient Test

Measurand Units Symbol

MASS of ROD ibm M

SPECIFIC HEAT (ROD) Btu/lbm 
0F c

D IAMETER OF ROD FT D

LENGTH of ROD FT L

CHA RACTERISTIC TI~~ SEC ¶

Steady State Test: Unr’ertainty Analysis

h = 
O .OOO9i~8 W (224 )
n
~
DL(T_TG)

2 2 1/2
Sh (bW 2 SD SAT 2

H - .—ri: = —

~~~ 
+ -

~~~ 

+ -I + —

~~~~~~ 

ç (2 ~

Experience dictates the following values of uncertainty for the

instruments used in this test:

SW = 0.5 watts
SD = 0.001 inches
St = 0.005 inches

ST = 0 .25 0F (each temperature reading)

In order to execute the uncertainty analysis before the experiment ,

it is necessary to estimate values for  eac h measurand which is not

P1—55 1
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already known. Choose AT = 20 °F as a standard test condition.
The heat transfer coeffic ient is r.stimated to lte between 0.001

and 1.0 Btu/sec ft’~, base d on data from a similar system.

—S

h 0.001 yields W = 5.52 watts

h 1.000 yields W = 5520 watts

The uncertainty analyses can be numerically executed.

~~~~= 0 .O9l a t h = O . O O 1

= 0.000091 at h = 1.000

= 0.000241

SAT ST
—

~~~~~ 

— 2 — 0.0177

The uncertainty interval can now be estimated numerically .

For h=O .OO l

2 2~~
1/2

= (0.091) 2 
+ (0.001)2 (0.00041) + (0.0177 ) (26)

= 0 0926 (Note that the dominant term is .~~~~~ 
) (27)

For h=1.000

= {(o .00009l ) 2 
+ (0 .0 0 1)

2 
± (0.00041)2 + (0.0177)2 ~ 

1/2

P1—552



= 0.0177 (Note that the dominant term iz ~~ ) (29)

/ Thus the uncertainty in h changes (due to the variation of

sw/w ) as h changes. The estimated uncertainty of’ the steady
state test is: 

-

0~10 _____________

-j 008 _______ 
_ _ _ _ _ _ _

0.06 - _ _ _ _ _ _

004 _____________

0.02
0 - - _____________ _____________

0.001 0.01 0.10 1.0
Ii

Figure M-262 17727

Transient Test: Uncertainty Analysis

h = ~~~ (30)

2 2 2 2 2 1/2

~~= { ! ~ +~~~~~ +~~~~~ +~~~~~ +~~~~~ ~ (31)

Experience with the recorder and other instruments to be used

suggests the following unit uncertainties:

SM = 0.0022 ibm
Sc = 0.001 Btu/lbm 

0F

SD = 0.001 inches
• SL = 0.005 inches

= 0.05 seconds (measured on chart )

a P1—553
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4 
it La again necessary to estimate the values of r which will

be encountered.

when h — 0.001 w = 980 seconds

h = 1.000 .980 seconds

The analyses can now be numerically executed.

0.000051 at h = 0.001

= 0.051 at h = l.C00

= O.00C~81 assuming 2.73 ibm for M

= 0.011 (assuming c = 0.0940)

~~~= o . oo4i

for h = 0.001:
(32)

= {(o .000sl 2 
+ (0.011)

2 
+ (0.000051)2 + (0 .001)

2 + (0 .O041)2
~~~~~~

/

= 0.012 (Note that the dominant term is !~. ) (33)

for h = 1.000 (34 )

= {(o .oo81 2 
i• (0.011)

2 
+ (0.051)

2 
+ (0.001)

2 
+ (0.OOLi1)2} 

1/2
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= 0.O~,2 (Note that the dominant term i~ 
!~. ) (35)

Again, the uncertainty interval changes as h changes.

4

• 0.10

0.08

~~~~ ‘ 

~~~~~~ 

~~~~~~~~~~~~~~0.001 0.01 0.10 1.0
h

- 

Figure M-263
1 7728

• Comparison

Plotting both uncertainty curves on the swn e f igure shows clearly
the “break even ” point.

0.12

0.10

0.08

.oj 0.06 
Transient

oo2
~~~~~~~~~~~~~~~~__ _

0.001 0.01 0.10 1.0
h

Figure M-264
17729
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For conditions whe re h < 0.11 , the steady state test introducer

more uncertainty than doe: the transient test. At high heat

transfer rates the steady state test offers bette r performance.

Integrals of’ Experimental Profile Data

When a probe is trave rsed across a region there is an
uncertainty in its position as well as in the value of its output.

The integral deduced from these data contains uncertainties due
to the probe position arid due to the probe reading. These values

are each shared by two intervals of the profile. The problem can

be illustrated by the followina example. Let us approximate the
integral by a series of trapezoidal sums:

R = f p ds 
(
~
Pi Pii) 

(~~~
-s

~~~~) 
(36 )

The series can be rewritten to show the physical characteristics

as:
s shared s,, shared1

R (Po
+P
l)( - (P

l
2)(

) (~~~~~5~~
2-s)) 

+ ~~~~ (37 )

p1 shared 
- p2 shared

Choose a pa r t i cu la r  data pair , sa~j the n~~ traverse point, and
determine its contribution to the uncertainty in the total integral.

Choose “n” other than the first or last pairs , since those are not

shared and require special discussIon. Examination of Eq. (37)

shows that there will he two terms involving each position measui-e-

ment and two terms involvin~; each probe reading. The value
occurs once for i=n rind once for i=n +1 . These two terms nrc
required to include all the effcct of p

~

P1—55 6
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R = 

~~~~~~ (s1.~_ s~ ..~
) 

~~
- !~. 

~~~~~~ 
+

= 
(

fl÷]~ n_ i)  + .... 

•

leading to: ~ R 
= 

1
— S~~~~1 (38)

Similarly the n~~ position value, S~~ , occuts in two terms leading

~R ~n-1~~ n+1
2

The first and last pairs (s0, p0, and ~~ ~~ 
c~cur only once

each yielding

2 2 (0)

~R SN
_ S

N 1 ~R ~ N~~ N- 1 4 i )[ 2 2

The uncertainty in the integral thus takes on the following form

SR 1(s
l
_ s

o SP
0)+(_ 

~1~~° 
)

2

+ 
N-2 

(5 n+1
_ S n l  

S P )

2 

+ :~: (
~~

_
~~~~ii 

)

2
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+ 
(
~N;~

N_ 1 
SP
N) 

+ (P N+P N_ 1 os N) 
1 

(42)

While it would be a tedious proposition to evaluate this by hand ,

it is not so formidable to program it once and store It as a

library subroutine.

a
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ROBERT 3. ~~FFAT
Supplementary Notes on Uncertainty Analysis

Cons i der an experiment designed to permit a result , R , to be calculated
based on data: xi, x2, x3 x~. The apparatus can be considered as Ufj xed II

during the experiment; each descriptor of the apparatus is a parameter of

the problem : 
~i. P2~ P3 Pk~ 

The set—point of the apparatus Is described

by a known set of independent var i ables: 11, i2, ~3 i,~ which include
the ambient conditions . The nature of the apparatus , in combination with

the set-point variables , acting through the processes involved , produce a

set of dependent outputs: d1, d2, d3 d~.

A complete list of descriptors would suffice to “recreate” the experi-

ment exactly if the processes involved were deterministic. This list of

descriptors contains what would be called the “data” of the experiment , plus

a good deal more.

Descriptors: ~~ i~, 13 
•.. 

~m’ 
d1, d2, d3, d,~; P~

, P2~ P3 Pk
i ndependent and dependent parameters of

vari ables the experiment

(set point , ambient, outcome; (sire , shape, location )
every variable which affects
the outcome )

The list of “data” recorded for any real experiment is only part of

the list of i ndependent and dependent variables: usually only those pieces

of information which allow the result, R, to be calculated , and the condi-

tions of the test to be Identified. -

Assume that the result, R, can be calculated using only certain data ,

for example , suppose that a computer code exists for calculati ng R:
R — R( i1, 

~~ 
13, d1, d2, d3, d4)

The data used in calculat ing R contain some (but not all) of the inde-
pendent variables and some (but not all) of the dependent var i ables. When

P1—559

- -_s- -.~ ~~~~~~~~~~~~~~~~



- - 

1.-. 
- ---‘-.~—,“!---.-—-. - ,  

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~ -.- -~~~-~

this truncated list is adopted as sufficient , it is presumed that fixing

Ii. ~~ 
and 13 wIll fix the state of the experiment , hence fixing values

of d1, d2, d3, and d4. If, In fact, the dependent variables are affected

by 14, 15. 15, or other “unrecorded” independent variables , then the ca lcu—
I atd values of R will be different on repeated trials, whenever 14, 15, and

— 
1~ are different , even if i~ , i2, and 13 are held fixed. This outcome is

descri bed as “scatter .”

If engineering measurements were always free of error and absolutel y

precise, then “scatter” on repeated trials of the sane set point would be
a clear indicator that recorded var i ables were affecting the process. Such

is not the case. Individual measurements suffer from errors due to calibra—
tion , installation and interpretat ion defects, and these errors can also

cause “scatter” upon repeated trials.

The objective of Uncertainty Analysis , as a diagnostic tool, is to eval-

uate the amount of “scatter” which can be attributed to the recognized un-

certainties in the input data, and thereby make it possible to ide~ritify the

presence of si gnificent unrecorded variables in the exper iment.

In all of the following sections, the emphasis will be on calcu l ating

the amount of uncertainty in the result , R, given the list of data used in

calculating R, and assuming that the equations are known by which R is cal-

culated from the data.

No uncertainty analysis can begin until the data reduction program has

been written . No data-gathering experiment should proceed until It has been

shown that the scatter in the result, upon repeated trials , is reasonable,

considering the inputs.

It should always be borne in mind that there are stochastic processes

~- nature -- sometimes systems simply do not repeat their detailed behavior.
us~a~ 1y, however, eng ineering experiments are conceived as deterministic ,

one P~j~ j  right to expect repeatability within limits.
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N-2 Low Profile Transducer Design Drawings
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350000

PROCESS SPECIFICA TION
PREPARATION OF GAGING SURFACE

1,0 INTRODUCTION

- • 
This general specification is to provide a proper surface

• and surface finish on which to properly bond semiconductor

strain gages.

2.0 REFERENCE DOCUMENTS & EQUIPMENT

350000 - STRAIN GAGE INSTALLATION
SAND BLASTER STATION

300012 - ABRASIVE COMPOUND, PROPR IETARY

3.0 PROCEDURE

3.2 General :

Visually inspect the surface. Gaging areas must be free

of any perturbation, pits , risers or contaminants within

the material , etc. -

3.2 Nozzle Pressure:

Adjust the dry GN2 regulator pressure to 40 + 10 psi , using

a 1/32 ori fice nozzle. Make sure the GN2 bottle has sufficien t

reserve pressure. Check the bottle s s gage. Change GN2 bottle

If the pressure falls below 75 psi.

3.3 Surface Cleaning :

Clean surface thoroughly using trichloro ethylene by soaking

small parts and wiping large parts with soaked cloth. Finish

cleaning with pure propyl alcohol or freon FPC.

14—590 

—----- — - - • —--— ~-- - .  -~~~~• ._ —~- — - - •- -_ ___._ a___~~
____ . r • •IS~~~,~~~~~~~~~~~~~~~~S j



— ~~~~~ — — - - ‘ - -

~~~~~~~~

- ——--‘ _______________________________________ 
_________

___________ • • - -  — ~~~~~~~~~~~~~~~ 
-______

350000

V 

3.0 PROCEDURE (Contin~~4)
3.4 Using 300012 Material , carefully blast surface by holding nozzle

approximately 3.0 inches away and moving nozzle up and back to

• evenly blast surface to a non-refl ective condition which can be

seen by no change in color with additional blasting.

Do not blast in one place.

4.0 SPECIFICAT ION

4.1 No holes or pits greater than 0.0003 over area to be gaged as

seen under an X40 microscope.

I
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SEMICONDUCTOR STRAIN GAGE INSTALLATiON
iNSTRUCTiON FOR USE WITH 6203 AD$1ESIVE

SPEC. 140. 350001

1.0 IJ~TR0DUCTLON

Thil. process specification establishes the procedur e for

in~ tF.11ing of unbacked semicordu~ tor strain gages to ~dl

types of transducers and materials which can wi thstand a

cure cycle in a vacuu n to +350°F sin. for an extended period.

The adhesive or epoxy , as referred to in the text , shall be

Epoxylite 6203.

2.0 REFERZNC E DOCU~~ NTS

350000 - Process Specificatio n : Preparation of Gaging Surface

350002 - Epoxy Filtering

• 3.0 NOTE S AND PR~CAUT1ON

The 6203 epoxy is a high teri perature , extr e~ c range adhesive.

It is “ stable ” to +500°F and will withstand +600°F for a short

duration but sustaine d operatio n above 250°F, in tr ansducer

applications, will result in increased non-repea tabi lity error .

However , 6203 has been used as a gage bonding agent on trans-

• ducers oper ated at 500°F. The epoxy is a two-part epoxy -

lisphenol A with PMDA as a catalyst. The epoxy contains talc

as a f i l ler . The PMDA and talc are u~ixed together as a fine

powder .

14—594
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3.0 NOTES A14D PRECAUTION (Continued)

The Epoxylite 6203 IF premixed and frozen adhesive is ideal for

gaging . The talc and catalyst have been ground to a small size

(suppose dly 0.1 i~il) so that lumps are not a big problem, however
•

some larger particles still exist. The date and lot number marked

on the tube provide traceability .

The epoxy, as used , is a premixed frozen stick ava ilable through

*Ablestik , or 6203FF , avail able in minitubes or in syringes.

3.1 PrecautIon

3.1.1 Record date of epoxy on traveler folder.

3.1.2 If the color or consistency of the epoxy appears

differen t, notify supervisor .

P 
3.1.3 A separa te set of tools shall be used for gaging .

(Silicone elastomer and other epoxies will change

the bonding characteristics of 6203 epoxy).

3.1.4 The tube of epoxy shall be allowed to warm to room

temper ature, 600. 80°F, before opening (15 minutes).

Wipe off moisture with Chemuipe before opening .

3.1.5 Adequate control to prevent mixup of new and used

tubes is necessary . The co~~on produc tion method is

to discard any opened tubes. One of the problems is

the pick ing up of moisture, the other is the gradual

*Ables tik Adhesiv”s Company
• 833 Vest 182nd Street

Gar dena , Califor flia 90248
(213) 321-6252 P

• 14-595
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3.0 ~~ TES AND PRECAUTIONS (Continued)

hardening of the 6203 (partial cure) so that it is no

longer workable.

Under extremel y high humidity conditions , gaging

shoul d not be done because of the absorption of

water from the air by the epoxy . A small soldering

iron sucrt as the ORYX 12-6 should be used. A control

box for setting the voltage is necessary. It is best

to do soldering wi th the sensor (transducer) on a hot

• plate at about 200°F , but not nandatory . Normally,

the same heating arrangement is used for both gaging

and soldering , although these are done at separate

times. Soldering to the gold wire is usually done last ;

tha t is , after the extension wires have been soldered

to the tabs . This minimizes the time (or times) the gold
wire-solder joint gets heated.

It is difficult to replace a single gage (or less than

all gages) after the transducer is connected up. Often

the transducer is given a 48-hour cur e at 250°F instead

of the prescribed 24 hours at 250°F and 24 hours at 350°?

• to save the connections . This is more critical on diffused

gages where the wire is smaller .

A special mini -hot plate has been designed for use under

a microscope . It is id eal for gaging and soldering.

14—596
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3.0 NOTES A}~D PRE CAUTiONS (Continued)

• Pot life for the epoxy shall be designated as

3 hours, i.e., any defrosted epoxy shall be

considered unusable for gaging after 3 hour.

at room temperature . DO NOT REPLACE opened

tube in freezer regardless of period that it

was at room temperature .

3.1.6 Do not use glass tape in curing oven, (due to

outgassi ng) .

4.0 ________

4.1 Tweezers

4.2 Sand Blaster , SS White No. 9 or equivalent

4.3 Vacuum Oven

4.4 Petri Dish

• 4.5 Transducer Body and Beam Rolders

4.6 Deleted - Per Revision A

4.7 Hot Plate , Miniature

4.8 Microscope , *0, or equivalen t lOX Stereo

4.9 X-Acto Knife

4.10 Iiegobm Meter, SOy Maximum

4.11 No. 000 Brush

4.12 Spatula

4.13 Dental Pick

5.0 SURFACE PREPA~ATI0?~

5.1 Sandblast surfaces to be gaged per process specification . 
-

•

14—597

— -•--- 
~~~~~~~~~~~~ 4~~~~~~~

• • • • • -~~~~
_
~~

_ — -~~~,-  — —

-- _~~~~~~~~~“-- —•- - — L—— •~ ~~~~~~~~~ ~~~~~~~~~~~~~~~ - -•



— -
~~~~ • .---

~~ ~~~~~~~~~~~~~~ 
-

~~~~~~

3.0 SPRFACE PREP AR ATiON (Continued)

3.2 Chemically clean transducer to be gaged.

3.3. If th. transducer to be gaged cannot be used ismediately ,

store in a vacuum chamber.

6.0 ~ASE COAT APPLICATiON (NOTE: This work to be done under plastic cover)

The base coat is needed to provide electrical insulation

between the gage and the bonding surface.

6.1 Set the hot plate at 1100? to 200°F.

6.2 Place part to be gaged on hot plate. Use holder as

necessary . With large instruments, beat in oven at

150°F 
~ 
40°F, for 1.0 to + 0.5 hours prior to placing

on the hot plate.

6 3  Filt er epoxy through proprietary screen filter .

6.3.1 Apply a thin coat of filtered epoxy on the

surface to be gaged with the No. 000 brush.

All epoxy hereto referred to will be screened.

6.4 Brush the epoxy to an -even coat. NOTE: Avoid excess-

ive brushing, (ref. dimension of base coat approximate-

1y 0.7 mils but less than 1.0 mil).

6.5 Rep eat 6.3 and 6.4 for all other surfaces to be gaged .

6.6 Cure base Coat for 60 minutes ± 13 mioutci at42300F t 10°?.

6.7 If the base coated transducers cannot be gaged within

14-598
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6.0 BASE COAT APPLICATION (Continued)

B hours, store them in a vacuum chamber at ambient

temperature.

7.0 GAGE PREPARATION

In general , the gages used for transducers are matched in sets.

The gages are identified as 1, 2, 3, 4, etc. The gage

id entities should be kept and the gages laid at the positions

ind icated on the transducer drawing .

7.1 Record the gage data.

7.2 Cut gage leads at label in boxes .

7.3 Pick up gage with tweezers by one lead approxi mately

1/32 inch from the element.

7.4 Straighten this lead wire.

7.5 Repea t steps 7.3 and 7.4 for other lead wires. Keep

-
• gage identity.

7.6 Trim lead with X-Acto Knife to a maximum length of

• 1/2 inch.

7.7 Bend the leads 900 to the top surface of the sensor.

The lead wires should be normal to the top surface of

the sensor , star ting 1/32 inch from the element.

Where the gages are located extra close to a wal l or

other obstacle , the wire should be formed such that it

is curved ‘- ~ from the obstacle before the lead , or

leads are formed normal to the gage surface.

• N—599
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7.0 GAGE PREPARATION (Continued)

7.8 Repeat step s 7.3 through 7.7 for other gages in set.

7.9 Soak the gages in acetone for 1 ~~nute.

7.10 Dry on the hot plate at 2000? 
~ 
50°F.

7.11 Return to its plastic box.

7.12 Attach recorded data to the appropriate shop traveler.

8.0 GAGE INSTALLATION (This Work To Be Done Under Plastic Cover)

Gages are to be installed only in bimt pless blemish-free

areas perfectly flat with even precoat.

8.1 Place the part to be gaged on a hot plate , set at

155°? ± 45°?. Where the par t requires a holding

fixture, mount part on the fixture before placing

part and fixture on the hot plate.

8.2 Pick a gage and determine from the transducer drawing

the exact location of that gage. Start with Step 8.1

when more than one surface is to be gaged.

8.3 Pick up the gage by one of its leads with the tweezers

as close as possible to the silicon gage without
H touching it.

8.4 Wet the bottom of the gage by dragging the gage over

the filtered epoxy .0005 to .0010 thick.

• 85 Place the gage at the proper location on the body or

beam.

N-600
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8.0 GAG E INSTALLATION (Continued)

- 1 8.6 Orient the gages as necessary to conform to drawing.

8.7 Check to ensure that all sections of the gage are in

contact with the surface.

8.8 Where the end of the eompression gages are mounted

H closer than 0.010” from the transducer wall , a coat

of epoxy will be applied to the wal l to prevent the

gage lead wire from shorting to case.

8.9 Repeat Steps 8.2 through 8. 7 for other gages .

8.10 On some designs where more than one surface is to be

gaged, and only one surface can be gaged at a time,

the follo~’ing sequence of gaging shall be used :

8.10.1 Base coat all gaging surfaces.

6.10.2 Gage one surface at a time per Step 8.2

through 6.9.

8.10.3 Repeat Step 8.10.2 for all surfaces.

8.11 Apply a coat of epoxy to all uncoated surfaces over

which the gage wire will be routed and to the area

where the solder tabs are to be located.

8.12 Cure gaged body or beams at 200°F ± 10°F for 24 ±

4 hours in vacuum oven, then raise to 250°F ± 100?

for 24 ± 4 hours, then raise to 300°F ± 100? for 24

± 4 hours, and final cure to 350°? ± 100? for 24 ±
4 bours.

N-601
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8.0 GAGE INSTALLATION (Continued)

NOTE: It is possible to circulate vacuum pump oil back into

the vacuum oven. The following steps will be used in

pumping down and opening ovens .

A. Pim~p Down

1. Close Door .

2. Close relief valve.

3. Leak air into vacuum pump by very slowly

opening pumping valve. Minimum time (full

valve opening) approximately 3-5 minutes.

4. Pump should never be turned off.

B. Opening Oven

1. Turn valve off.

2. Open relief valve.

3. Open door and remove part.

4. Close door &nd evacuate oven when not in use.

9.0 TERMiNAL RING S AND/OR TA3S MOUNTING

9.1 Apply a small acount of 6203 epoxy on the areas to

which the ring or tabs are to be mounted. Screened

epoxy not required here.

9.2 Position ring or tabs.

9.3 Cure for 2 hours ± 30 minutes at 230°? ± 10°F.

N-602

— ______ 
—______ —p —~ - 

j



p. - — — _________
- - • i-r •~~~~~~~~~~~~~~~~

.

10.0 LEAD WIRE

10.1 Form the leads to the ring or tabs as shown in their

applicable drawings.

10.2 Solder the leads to tabs or ring.

10.3 Tack do~’n gage lead to base coated areas, with

unscreened 6203 epoxy .

10.4 Cure for 2 hours + 30 minutes at 2500?.

10.5 Make insulation resistance and continuity tests.

The insulation resistance of th. bridge to case

ground shall be greater than 50 megohms at 50V D.C.

if below 50 megohms chemically clean area , bake Out

and recheck. If resistance still below 50 megohms,

remove all gages by sandblasting and repeat entire

procedure.

11.0 INSPECTION

11.1 Base coat shall be uniform over the area iumcdiately

around the sens~rs.

• 11.2 Gaging shall be checked for an epoxy coat on the

wall of the transducer where the end of the cout-

• pression gages are mounted closer than 0.010” from

the wall.

11.3 All gages shall have a fillet formed by epoxy around

the ends of each gage.

11.4 Gages shall be checked for proper orientation per

applicable drawing .

N-603

I

____________  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - •



—~_ - __ ~-

— - _________________ — - _~ — - - - -. 
- 

• _ - r~~~ 
— • •~~~~ • -~~

-
~~~~~~ •~~~- -  -~~~ .

11.0 INSPECTION (Continued)

H 11.5 Check the shop traveler for epoxy date , gage and

insulation resistance data per Paragraph 10.5.

11.6 No top coat or over coat shall be permitted on the

top side of the gages. Spots of epoxy shall be

permissible. Where the size and extent of the epoxy

spot is in question, the criteria for acceptance and

rejection shall be determined by the precal test data

on repeatability of unit.

N-604 

-_ — .~~~~~~~~~~~~~~~~ :~~~~- —--- —-~—--~~- - • ~~~-- ~—_ •—---— ——



,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
____ _ _ _

Basecoat of 6203 is nearly transparent
and un i form in color (which indicates
uniform thickness)

Specks or small lumps
are normal in a 6203
basecoat

6203
BasecOat /

/ p Specks should not have
fillets around them

p 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-—~~~~~~~~~~~ — ——
~

—
~~~~

.
~~
—j

- 

I Metal Diaphragm

Figure 4.1. Typical Good Basecoat

I
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Brush marks in basecoat(too much cement and
poor technique) Basecoat is darker

around specks whi ch
indicates a fillet
(caused by excessive

Large fillet cement)
in corner
(too much
cement) 

1): fl
5 

; 

/ •

1 / i’
1 . / i l  -

I / ; Is / /
((P 

- 
i -  I

/ •/ ,1

II

\

\
\ I

H 6203 Basecoat What should have been a sp:ck

Metal Diaphragm

FIgure 4.2. Typical Bad Basecoat

N-606
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6203 basecoat upon which are shown the
two center gages (typical diaphragm)

~~~~~~~~~~~~~~~~~~~~~~

( 1j~ .j “ / ,
‘. 

~~~~~~~~~~~~~ 
an imaginary

( / on the gage has flowed to./ There should always be a fillet

• 

but the smaller the better.

/ I -

,.— Some filleting around lead is
Y~~ /,,,‘ normal.

C 4;ij  

~1k~~-.

( 
At this sta9e the gage leads.-- - 7 are projecting straight upward.

BasecOat -7 j  ~~~~~~~~~~~ ; e~~
e
t
~

- —-‘k -- - 

~~~~~~~~~~~~~ 
wet fillet.

I t

L Diaphragm

Figure 4.3. Good Gage Cementing
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I Excessive cement on gage
has flowed into corner

F

Fillets have joined.
J Not good. A thin uniform

Layer is permitted if
each gage has its own

- 
) fillet and fillets do

—-  

- 
. -. not appear to touch.

/

Excess cement (should
have been “wicked up” by
use of “060” brush)

— Gages appear to be floating in or
\
\ O~~~~ large mound - too much cement.

~L_.

FIgure 4.4. Bad Gage Cementing

14-608 

. • . - - t _ _• • -- _ • __ &_ _ _ _ _ _ __! 
~~~~~~~~~~~~~~~~ — - - — - - -~.- -. ~~~~. - - - - . 

- - —



- - — -  z~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~~~~--~~~~~~~ 
- 

~~~
- • - -- -

~~~~~ 
- - - -

~~~
.-- .--—-—-—

~~~ 
-•---.---

~~
,—-------- .---

~
----• - --- • - • • --_ - •_ —  • - •

• : - - - - - _ -_ - 
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-. 
. Basecoa t on diaphragm

-

~

This gage has normal filletof cement.

• Wires are projecting straight
up at this stage.

L Wi res on a tilted gage are usually tilted too.
Improperly bent leads may also cause tilted
gages.

,..... Ti lted gage may also have a vo id ( lack
Basecoat / of cement) under it due to the

7 / projection. This is bad.

Diaphragm

Figure 4.5. A Tilted Gage (Bad)

1 -
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~~~~~~~~~~~~~~~~~~~~~~~ of gage .

ads shoul d be here

~asecoa t~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Excessive cement and gage
leads not dressed properly
cause this bad condition .

Figure 4.6. Bowed Gages (Bad)
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VN$IMC SYSTEMS $ $CASUMMINTS 350002
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EPOXY FILTERING

1.0 INTRODUCTION

‘Ibis process is to remove any congl omerates from the epoxy

in order to optimize performance and minimize creep.

2.0 EQ’JIP!~~~T

Reference: Document 350001 for Equipment

Screen - Proprietary - SMI #400038

3.0 PR0CEDJRE

3.1 Neat eoo~ v - See Addendum Par&. 3.1.4 of 350001.

Obtain pre-mixed pre-frozen epoxy from freezer. Allow

to thaw Per 350001. Put screen on top of spatula on

top of hot plate. Set between 150°- 200°F. Squeeze

epoxy on top of filter.

3.2 Screen epoxy

Allow epoxy to flow onto spatul a below screen. Epoxy

on spatula is now ready for pre-coating and gaging.

Bottom of screen may be scraped with clean spatula or

flat of pick for more filtered epoxy .

4.0 SPECIFICATI~~

No particles greater than .0005.

5.0 POT LIft

See 350031.

I
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N-6 15-5 Stainl ess Steel Metal Conditioning Process
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TABLE II

CO~ ’LETE STRESS RELIEF P~ TA1. CONDITIONiNG PROCESS

1. Machine transducer hardware from condition A 15-5 stainless steel.

II. After machining is complete:

(a) Heat treat to 1900°F ± 25°F in argon atmosphere for ½ hour.
Cool from 1900°F to 800°F in 15 minutes ~ 

10 minutes , and
same rate to 70°F.

(b) Cold soak samples to -1OO°~F for 1 hour within 24 hours after
air cooling to 70°F. Place hardware in bucket or other
container in -100°F environment rather than placing hard-
ware directly into -100°F solution. This will prevent
excessive thermal stresses (exceeding precision elastic

• limit) during cooldown process. The 15-5 alloy is
martensite at 70°F but may have minute amounts of metastable
austinate. Dropping to -100°F or lower assures complete
transformation to martens’ite. Air warm samples to 70°F
at rate of 100°F/hr or less.

(c) Precipitation harden material at 900°F + 25°F for 1 hour.
Air cool to 70°F at rate of 100°F/hr or less.

(d) Descale hardware with grit blast procedure to remove
discoloration (oxidation) and activate surface for bonding
semi -conductor strain gages.

SIZL CODE IDEP~T NO. ~~~~~~~ No.

A 51895 350003

SCALE Jv.~ — ISHEET —

14-614
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N-7 Technical Specification for Homogenous

Semiconductor Strain Gages

L
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SENSING SYSTEI*S & MEASUNEMENTS

TECHNICAL SPECIFICATION FOR
HOMOGENEOU S SEMICONDUCTOR STRAIN G~~ E

SMI-04-022-500P(Coemerctal) SMI-04-022-500P N(Mtlit ary)
(Considered for use in future reduced size transducer)

0.5 M IN 
______ 

0.039/0.037 -
~~~ ç .0OIS/.OOIO(.OBS/.OSI)

(127MIN) (.99 / .94) 0* GOLD LIAD TYPICAL

~~~~~~~~~~ 

~ 

j.u.~i
O
s: : :

~i1

- ‘It 
~~~~~~ 

_ _  

1/-

(010 / 016 I TNICk
BALL BOND TYPICAL . .XXX’INCN

( X X ) ’  M U

• 1.0 GENERAL
2

This semiconductor strain gage is made from P-doped bulk silt-
con. It has no semiconductor P/N j&anction. The silicon is etched to
shape eliminating the potential for molecular dislocation or cracks
thereby optimizing performance.

2.0 SPECIFICkTj~~~: INDIVIDUAL GAGES

2.1 Material . . . . . . . . . . . P 111 Czochral.ki pulled boron
• doped Silicon .05 Ohm/CM.

2.2 Resistance . . . . . . . , . . 525 ±. 50 ~mbonded at 70°F
2.3 Average Gage Factor . . . . . . 140 ± 10
2.4 Thickness (Active Area). . • . .0005 inch max.
2.5 Leads. . . . . . . . . . . . . .002 dia. Gold x 0.5 inch mm .
2.6 Contact. . . . . . . . . . . . Silicon/Gold or Gold Nick . Fused.
2.7 Attac hment . . . . . • . . . , Ball Bond

3.0 STANDARD BRIDGE MATCHING

3.la Temperatures °F . 0, 78, 278 . . . . . . . Standard
3.lb Temperatures °F . . . . . . . —65, 0, 78, 278. . . . . Military
3.2a Resi stance Toleranc e Ohms . . ± 2A max . at each temp. Standard
3.Zb Standard Set. of 4 ea. . . . ± 1* max. at each tee. Military

7775 KESTER AVENUE / VAN NUYS. CALIFORNIA 91405 / ~21 3~ 988-6070 / IVA- 9 0 - 4~~~~ 
17 15
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~~ 1

nIc1I~NOMOGINIOUI ID(ICOWDUC!OR ITPIAIN GAGZ
IMX’04.022•300

)bd.t Idant.— ‘r 
~t~’ ~~ 

Matched let of 4 Gag..

• Total L•ng th I 
—

• Active L.n$th — I NasLnaI l..Lstazice
176°F

G
~~
! AVAILABILITY

$M1 04.022•300P . . . . . . . . . . Individual Coemercial Gage.
V(I”04’022.SOOP N. . . . . . . . , Individual Military 01$. .
MI’04”022•300P44 . . . . . . , , lets of 4 aatch.d (Cow) gag.. p.r 3.1. 6 3.2a

$141 04”022•SOOP 1444 . . . . . . . 1st. of 4 ~atchid (Miii) sq.. per 3.!b 6. 3.2b

~ IA3~X1TY ~~~~~~~~~~~~~ 500 P~~~~~
t”

~~ tOOPM.$4
Gag. Gag. let. lees

3 • 4 *12.00 916.00 653 .00 eso.oo

3 • 9 11.00 14.00 45.00 U.00

10 • 24 9.00 12.00 40.00 36.00

25 • 49 6.00 10.00 30 .00 46.00
3(1 • 99 3.00 00 22.00 40.00

-a
14—617
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H 
SENSING $Y$TIMS & MSA$LJ~~MENyS

TECHNI CAL SPECIFI CATION FOR
HOMOGENEOUS SEMICONDUCTOR STRAIN GAGE

- 
- 

SMI—06-033— 5O0P~Coumer cj a1) SMI—06-033-500P M(Military)

(Used in final low profile transducer)

0.5 M IN 
_ _ _ _ _  

0.060/0.059
-
~~ II2TM IN ) ~ (1 5 3 / 1 4 $ )  t— .00t5/.0020(.03./.05l)D1A

- . \ SOLD 1.1*0 TYP ICAL
-

, ~~~~~~~~~~~~~~~~~~~~~~~~~

~~
JT7

~~~~

EA

~

EA :

(.0IO / OI5)TH ICK
WELD X X X  s INCH
TYPICAL ( . K X ) . M N

1.0 GENERAL

This semiconductor strain gage is made from P—doped bulk sili-
con. It has no semiconductor P/N junction. The silicon is etched to
shape eliminating the potential for molecular dislocation or cracks
thereby optimizing performance.

2.0 SPECIFICATIONS: INDIVIDUAL GAGES

2.1 Material . . . .  P lii Czochral sk i pulled boron
doped Silicon .05 Ohm/C~I.

2 .2  Resistanc e 525 + 50 unbonded at 70°F
2.3 Average Gage Fac tor . 140 ± 10
2.4 Thickness (Active Area) .  . .0005 inch max.
2.5 Leads 002 dia. Gold x 0.5 inch m m .
2.6 Contac t  ilicon/Gold or Gold Nick. Fused.
2.7 Att achment . . . . . .  .  . Parallel Gap welded Gold leads t~ith

epoxy reinforcement

3.0 STANDARD BRIL~ E MATCHINC

3.la Temperatures °F 0, 78, 278 Standard
3.lb Temperatures °F —65, 0, 78, 27B Military
3.2a Resistance Tolerance Ohms ± 2* max . at each temp. Standard
3.2b Standard Sets of 4 ea. ± 1* max. at each temp . Military

7775 KESTER AVENUE IVAN NUVS CALIFORNIA9I4(i5 / (2131 988-6070 I TVA-9, O.495  17i 5
N..6l8
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PR I CI NC
}IOMOGENEOUS SEMICONDUCTOR STRAIN GAGE

SMI-O6-033-500

N0MENCLATv:~~

SMI - 0 6 - 033 - 500 P S4

Model Ident. TT 
J ~~~~ 

— - 

T 
T — Matched Set of 4 Gages

Total Length Dopaut

Active Length Nominal Res istance
@ 78° F

GAGE AVA ILABILITY

SMI-O6-033-500P Individual Con~ erc ia1 Gages
SMI-06-033-500P H Individual Military Gages

SMI-06-033-500P-54 Sets of 4 matched (Couin) gages per 3.la & 3.lb
SM] -06-033-500P M-S4 . Sets of ~ matched (Miii) gages 

per 3.lb & 3.2b

individual Gaze Matched Sets

QUANTITY 500P 500PM 500P-S4 500PM-S4
Gage Ga’e Sets Sets

1 - 4 $10.00 S15.OO $50.00 $76.00

5 - 9 9.00 13.00 42.00 65.00

10 - 24 7.50 11.00 35.00 54.00

25 - 49 5.50 9.00 28.00 43.00

50 - 99 4.50 7.00 21.00 3S.0O
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SENSiNG SYSTEMS & MEASUECMENTS

TECHNICAL SPECIFICATION FOR
HOMOGENEOUS SEM1CONWCTOR STRAIN GAGE

SMI-O8-O5O-500P(C~~~erctal) SM1-08-050-500P M(Milttary)

(Used in Prototype Transducers)

0.1 MIN.
______  

0.011/0.079
(12.7 MIN.) (2.01/2.01)

.010/ .012 ____  
______OIl REF .006/.005

-

~~ (.25 / 30 ,TY —

~~~~ r 

(1.47 RU) 

— 

— 
___

~
1

~~

(.I5 /  (2)

/ WELD ACTIVE AREA ;
¶ / TYPICAL .0004 /0006 THICK X X X ’  INCH

.0015 / 0020(0311.051) (.0101 .OI5~ THICK ( X X ) ’  MU

01* 601.0 LEAD TYPICAL

1.0 GENERAL

This semiconductor strain gage is made from P-doped bulk sili-
con. It has no semiconductor P/N junction. The silicon is etched to
shape eliminating the potential for .olecu lar dislocation or cracks
thereby optimizing performance.

2.0 SPECIF1CATIONS: It1DIVI~UAL GAGES

2.1 Material . . . • • • • . . • . P 111 Czocbralski pulled boron
doped Silicon .05 Ohm/CM.

2.2 Resistanc e . . . . . , . . . . 525 ± 50 unbonded at 70°F
2.3 Average Gag. Factor . . . . . 140 

~ 
10

2.4 Thickness (Active Area) • . . .0005 inch max .
2.5 Leads . . . • . . . . . • . . .002 dia. Gold x 0.5 inch m m .

2.6 Contact . . . . . . . • , . . Silicon/Gold or Gold Nick. Fused
2.7 Attac hment . . . . . . . . . Parallel Gap welded Gold Leads

wit h epoxy reinfo rcement .

3.0 STANDARD IRIDGE MATCHIt~

3.la Temperatures °F . . . . • • . 0, 78, 278 . . . . . . . S tandar d
3.lb Temperatures °F . . . . . • • —65 0 , 78 , 278 . . . . . Mili tary
3.2a Resistance Toleranc e Ohms . , ~ 2* 

max . at each temp . Standar d
3.2b Standard Sets of 4 ca • • • • ~ 

1. max. at each temp . Mil itary

177 5 KESTER AVENUE IVA ~~NuYS CALIFoRNIA 91405 /12 1 3  98B~6070 lW~~- 9 ’ O - -~~~
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V

PRICING
HOMOGENEOUS SEMICONDUCTOR STRAIN GAGE

SMI-08-05O”SOO

NOMENCLATURE:

SMI • 08 • 050 - 500 P -

Model Ident. T1 
~ 

•T” i~”J ¶ — Matched Set of 4 Gages

Total Length _1 — Dopant

Active Length ______________________ — Nominal Res istanc e
@ 78° F

I
GAGE AVAILABILITY

SMI OS 050 500P . . . . . . . . . .Individual Couemercial. Gages
SMI-08-O50-500P M • . • • . . . • •Individual Military Gages
SMI—08-05O-SOOP-S4 . . • • . . . Sets of 4 matched (Coem~) gages per 3.1a 6 3.2a
SIlI~08.r050.50OP M—S4 • . • . . Sets of 4 matched (Miii ) gages per 3.lb 6 3.2b

Individual Gape Matched Sets
QUANTITY 500P 500PM SOOP-S4 500PM-S4

Gag. Gage Sets Sets
I - 4 $8.00 $14.00 $40.00 $72.00

5 - 9 700 12.00 36.00 62.00

10 - 24 6.00 10.00 30.00 52.00

25 - 49 5.00 8.00 26.00 43.00

50 - 99 4.00 6.00 20.00 34.00

N-621
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