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ABSTRACT

Mechanical seals are usually installed in centrifugal pumps that work under high pressure
and high temperature condition in several industries. The ring-inset mechanical seal is selected
because it can easily be repaired in brief duration. Nevertheless, disadvantage remains: such ring-
inset type can hardly undergo high temperature in lengthy time. After a while, the ring is likely to
slip off the mechanical seal then causes a leakage as well as product damages.

This research has enhanced the shrink-fit parameter through an analysis by a finite
element program. In the experiments, stress level was applied at 5.15 15x10° Pa and the 304 and 316
stainless grades were used as a carbon-ring jacket. Then, a strain gauge was installed at the ring-
inset mechanical seal. Thereafter, the mechanical seal was tested for a stationary heat resistance
with ranging from 50 to 150 degree celsius and the temperature was increasing by 10 degree celsius
each time. Meanwhile, the tension meter was reading for a tension values due to the mechanical seal
expansion that caused by heat. These conditions were used for both a stationary test and an 1,450-
rpm rotating test. Also, both tests were performed under 150 degree celsius at 20-bar constant
pressure.

By using a finite element program, the shrink-fit parameters had been enhanced from the
regular operation, which was 100 degree celsius at the pressure from 2 bar up to 20 bar, into better
operation and able to resist the temperature for 150 degree celsius at 20-bar pressure with a result of
a stress level lower than the leakage level. Furthermore, under a 30-minute experiment of 150
degree celsius, 20-bar constant pressure and 1,450 rpm speed, there was no leakage on the ring-
edge inset in the mechanical seal.

Keywords: shrink — fit, temperature, mechanical seal
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Developing Strain Gauges and Instruments

GENERAL DESCRIPTION

STRAIN GAUGE PRINCIPLES

! strain measured

. Gauge resistance

: Resistance change due to
strain

: Gauge Factor as shown on
package

What is STRAIN
STRAIN GAUGE CONFIGURATION

& ! strain
L : Original length of material
AL @ Increment due to force P

Example) when a material of 100mm length deforms by
0.Imm length, it generates strain as follows.

- 0.001=1000%10-¢

What is STRAIN GAUGE

SELECTING STRAIN GAUGES

3 Tokyo Sokki Kenkyujo



Developing Strain Gauges and Instruments

STRAIN GAUGE BRIDGE

Measuring mode

Bridge circuit

On switching box

Bridge output

Quarter bridge

T

Quarter bridge with 3-wire
system

— = 7,

E :Exciting voltage
e :Output voltage
4e :Qutput voltage due|
1o strain

eo :Output voltage before
strain generation
R,

-Resistance before
4R :Resistance change

S

strain generation
‘due to strain
€ :Strain
K :Gauge Factor
e=ey+de
R;= Rgt4R
R =Ry

-E
de=-% Ke

Quarter bridge with double

gauge and 3-wire system

eliminating bending strain
Ry

Ry=Ry+ 4R
Ro=Ro+ 4R
R =2R,

-
de=-7 Ke

R, =R,=R;=R,= Ryt 4R
R =R,

-E
de=-% Ke
'{Ifj" bridge with 1-active and
ummy gaugesn‘ R;=Ry+ 4R
—S =
=E
e
Half bridge with 2-active gauges
eliminating tensile strain Ri= R+ 4R
R,=Ry- 4R
R =Ry
de= ’Ef Ke
Ry =R3=R,+ 4R

R, =Ry=Ry-v * 4R
se=E0+Y) o

v : Poisson's ratio

Full bridge
Ry =R3=Rp+ 4R
Rz =R;=Rp- 4R
B3,
= ﬁ‘:: de= EKe

Tokyo Sokki Kenkyujo




Developing Strain Gauges and Instruments

TML STRAIN GAUGES SELECTION

Room (—20~+-80C) CN/P-2/EB-2 | W-1/N-1/SB tape Vinyl/Enamel

High temperature

gh temperature | AW-6 | PTFE(4F)

(—196~+300C) [ AWM | Spot welding Contact TML [ Micabe

High temperature .

(—196~+800C) AWHU Spot welding | Contact TML MI cable

Cryogenic temperature ; y ]

(—269~+80C) EA-2A/C-1 FEP(6F)/PTFE(4F)

20~ ) ZF CN/C-1/NP-50 | Bond 1521B | Vinyl/Cross-linked-

R°°m( 20~+80C)"AW6 | Spotwelding | W-1/SBtape | vinyl/PTFE(4F)

General purpose

| Residual stress  |Room (—20~+80C)| FRS/FRAS | CN/P-2EB2 | W-1/SB tape

= . High temperature i ” .

Room (—10~+80C) BTM

Room (0~+60C) | BTMP-10A

Magnetic field |{Room (—-20~+80'C)CN/CN-E/RP-2 W-1/SB tape JX!SL‘Z%VJI?&

Surface strain Room (—20~+-80C) - Vinyl

Inner strain Room (—20~+60TC) Chloroprene

General purpose (*'E;‘Ji’"_,_pg(’)g‘.‘é’)” “ CN/NP-50 | W-1/KE-348
Generalpupese_[fcom (—20~+a00) LF | ovE | Wi | vin |
—20~+200C_|  TF___ |CN/C-UNP-50| W-1/SBtape

1 Tokyo Sokki Kenkyujo
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Developing Strain Gauges and Instruments

PRIMARY INSTALLATIONS

17 Tokyo Sokki Kenkyujo
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D

ping Strain Gauges and

LEAD WIRES

Effects of lead wire temperature

Quarter bridge with 2-wire|  Paralleled 2-wire Not available

Quarter bridge with 3-wire|  Paralleled 2-wire Available

Half bridge Paralleled 2-/3-wiire Available

Full bridge 4-core cable Available

Paralleled
2-wire pre-attached to
quarter bridge

Paralleled
3-wire pre-attached to
quarter bridge with
3-wire system

Gauge factor correction due to the lead wire

A: Correction coefficient of lead wire | A: Correction coefficient of lead wire

R
A R+rL

Ko: Gauge factor corrected Ko: Gauge factor corrected

R 2 R )
Ku-w-AK Ko I'_LK AK
R+2

Where R :Nominal gauge resistance
(Q)
K :Gauge factor shown on package r:Total resistance per meter
of lead wire (Qm)
L :Length of lead wire (m)

Total resistance per meter of lead wire

Setting the gauge factor to the strainmeter

Cs  : Coefficient set
Ko I Gauge factor corrected with
lead wire attached

Tokyo Sokki Kenkyujo
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HIGH TEMPERATURE series "
STRAIN GAUGE

eF =—5

Operational temperature  —20~+300T
Temperature compensation range  +10~+100T

GENERAL USE

Backing
L w
: width (Unit

|

ZFRA-3-350-11

ZFRAL-1-11

For self: Ire-comp i (5-T-C) gauge, other linear thermal
expansion coefficient is also available such as for stainless steel and
aluminium allo:

Leadwire-integrated ZF series (made-to-order]

Operational temperature range varies with different materials of lead wire outer sheath. Before use, be sure the temperature range for lead wire.

2-wire Parallel vinyl wire —20~+80C L : ZFLA-3-350-11-3LJC Grey
3-wire Parallel vinyl wire —20~-+80TC LT ! ZFLA-3-350-11-3LJCT Blue stripe
Crosslinked vinyl sheath wire —10~+100C LJRT : ZFLA-3-350-11-3LJRTA Red-Green-Black
6F : ZFLA-3-350-11-6FA-3LT | Red-Green-Blue (7-core 0.18mm-dia)
3-wire strand FEP sheath wire —269~+200C
6F : ZFLA-3-350-11-6FB-3LT | Red-Green-Blue (Single-core 0.2mm-dia.)
—269~+260C 4F © ZFLA-3-350-11-4FA-3LT | Red-Black-White (7-core 0.16mm-dia,)
3-wire strand PTFE sheath wire (+300C usable for short time — -
measurement) 4F  ZFLA-3-350-11-4FB-3LT | Red-Black-White (Single-core 0.2mm-dia.)

* Red is independent wire.

41
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