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Review on tolerance factors for 1E UVR setting at NPPs
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Abstract - In nuclear plants, UVR (under voltage relay, 27r) of 1E bus, which protected and supplied power to essential
loads, to safety trip of reactor and supplied to starting signal of EDG (emergency diesel generators) automatically.
therefore UVR tolerances setting and calculation method has been important to nuclear facility. If calculation and
tolerances values differ or ignore, may induced power loss and economical loss by protective failure. This paper show
results for calculation methods, and whether dependant or independent methods for factors. included whether PT
(potential transformer/voltage transformer) tolerance or not adapted, and based on UVR setting method within a
difference minimum and maximum of rated voltage to safety operation in nuclear plants.
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2 General Degraded Voltage Protection Setting Ranges
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® Tolerances (UVR LOV)

a) Operating tolerances
1) Ambient temperature variations
2) Relay control power variations
3) Accuracy class of potential transformers
4) Repeatability of the relays

b) Setting tolerances
1) Meter accuracy
2) Meter calibration tolerance
3) Setting tolerance permitted by procedures.
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2.2.1.1 2.21.00ll 28t 0.7PUE A M(Tolerance, £5%)

O A8A%E Haxdgddd HE7] AALNS 70%
(4,000x0.70=2,800V) 2] HAHgo = g3t}

@ 2,800V AAAl  AA7] Tolerance(£5%)E L7
(2,800x1.05=2,940V, 2,800x0.95=2,660V)3s}H =435 &
& (2,800V)E 3}3] gk,
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(3,000x1.05=3,150V, 3,000x0.95=2,850V)3tH AlF ZHA
3] &3 (3,000V) = 3}3] 3}

2213 A ZFetel 0.7PUE A A(Tolerance, +5%)
@ 1E BUS AAAYL 70% (4,160x0.70=2,912V)2] = A
Poz A
@ 2912V AAA  AH7]  Tolerance(+5%)S 18
(2,912x1.05=3,057.6V, 2,912x0.95=2,766.4V)3}H = 23]
|7E(2912V)E 313§}

2214 2™ AMS 0.75PUZ HH(Tolerance, +5%)

@ 1E BUS AZAA} 70% (4,160x0.75=3,120V)2] = A A
oz AHA

® 3120V AAA] A7 Tolerance(+5%)S i
(3,120x1.05=3,276V, 3,120x0.95=2,964V)s}H = 43 &
#*(3,120V)E 3h3 st}

2215 2y AXetvel 0.8PUZ XM H(Tolerance, +5%)

@ 1E BUS AHAAL 70% (4,160x0.8=3,328V)2] = A A
Feoz H4A
- UVR tap 100V¢l 7% 3,500V

@ 3,328V AAA A7l  Tolerance(+5%)S 18
(3,328%1.05=3,494.4V, 3,328x0.95=3,161.6)3t1 A
£74(3,328V)E 33 st

@ 3500V AAgAlel A7
(3,500%1.05=3,675V,
(3,328V)E 3]},

Tolerance(+5%)S i1d
3,500x0.95=3,328% A3 &7k

x 1 HAEE7IE 2o

Table 1 Voltage Calibration results

7% (UVR Setting), Tap 4,000V 4,160V AV
Tolerance(+5%) 2,940V 3,057V 117V
70% 100% Tolerance( 0%) 2,800V 2,912V 112V
Tolerance(-5%) 2,660V 2,766V 103V
Tolerance(+5%) 3,150V 3,276V 126V
100% Tolerance( 0%) 3,000V 3,120V 120V
75% Tolerance(-5%) 2,850V 2,964V 114V
90% Tolerance( 0%) 3,150V 3,744V 594V
80% Tolerance( 0%) 2,800V 3,328V 528V
Tolerance(+5%) - 3,494V -
(156()'?) Tolerance( 0%) - 3,328V -
80% Tolerance(-5%) - 3,161V -
100% Tolerance(+5%) 3,360V 3,675V 315V
(100V) Tolerance( 0%) 3,200V 3,500V 300V
Tolerance(-5%) 3,040V 3,328V 288V
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A AxAdrE "does 2SS 4 5 duh
1E BUS AZAYoz HEI A 3120V =+ 3500V
2 1025% T+ 20% ©]’ Akol7b 9dvh. welxd UVR A A
Zholl wigk GGy Mule] kS Hste] A7 Hstak
7V A /AU A wel nysiA] ¥ WeE ¥9
st AAEE S8R0l AFAL S 3ol Al At
3. UVR Tolerance #&
3.1 D2 AlEH

IEEE 741914 Q2 F3= UVR <%
212 @A AAG vie} Zow HE
Operating Tolerancex= 7}s3 & )
s el 94 UVR LOV dropout A& Al PT <

PT

ox

(

o 1“0 fo 2 o mt &
o
i o to to © 1 ro

L

DHeA eol B REAIAE LOV settingsl A '}
Hees nes AxE wasgoh. woh g3 o)
Axre A ZHdAn 717] Calibrations £33t 448}
Zlo] Al aqdel] FgEct

ISA-67.0401004 AFa e eAALE AnrAsl
ok} e,

Tolerance = Va*+b* (1)
Tolerance = V(a+b)? (2)
g a, b &557} Az =88 du= (DS, 43 o9&
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3.2 LOV(Loss Of Voltage) Relay Setting Values

FuEAEle] osd LOV A4 1IE A7 7154 3
S3(75%) BT A& ghol 80Vl AAgon o= 221.0D9]
g7 %5351A] ¢t} weEkA Relay Pickup setpointE 3
ZHA 2 EF/E LOV ZAAE Albgith. & Aol A AL
€% Relay Pickup setpoint value® th<3 2t}

Relay Pickup setpoint : 80V, 90V, 105V

PT ratio : 35(4,200/120V)

PT correction factor : 0.99856(general)

PT tolerance : 0.3%

Max. dropout accuracy : +0.3V(OMICRON)[9]

- error < 0.08%rd+0.02%rg at 300V

Allowable Value Tolerance : about +5% (ABB 27N)

D: Drift allowance (+0.1%)
ST: setting tolerance ((¥0.5V/80V)x100=+0.625%)
R: readability of measure device (0.025%)

AVT=+ VD ST+ R? (3)

2 (3ol Wl 4vr=1+1/0.6257+0.6257 + 0.025” =+ 0.884% ©] L}
5%E  BFAA oz AT &oldEs S AEsEA
tf A E AR7Y 3-8 AL (AV: Allowable Voltage)
7} 1E 2o gk Hul, HAHGHAR o s e
Qteo] UVRE LOV AAZS oJu|di}
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3.2.1 Relay Pickup setpoint : 80V & & (0.66PU)
@ Pickup voltage
Max. AV at relay = 80Vx(1+0.05)=84V
Max. AV at bus = 84V x35x0.99856=2,935.7V
Nominal AV at relay = 80V
Nominal AV at bus = 80V x35x0.99856=2,795.9V
Min. AV at relay = 80Vx(1-0.05)=76V
Min. AV at busy = 76V x35x0.99856=2,656.1V
a9 AMAR 2 AA gk 9 sH max 2,942V o] 3}
% min 2,668VZ A3}t PT correction factor= 1X.th 2+
ofof st} AEAN 1 o]l oz ANE AoRE HEEH
ol AitAFE HjtelAl vk wEbA A e A4S 9
PT correction factor’} & &3t}
@ Dropout(reset) voltage
Max. AV at relay = 84V+0.3V=84.3V
Max. AV at bus = 2,935.7V+0.3V=2,936V
Nominal AV at relay = 80V+0.3V=80.3V
Nominal AV at bus = 2,795.9V+0.3V=2,796.2V
Min. AV at relay = 76V+0.3V=76.3V
Min. AV at busy = 2,656.1V+0.3V=2,656.4V

3.2.2 Relay Pickup setpoint : 90V & & (0.75PU)

0.7PU°| o2 HF43t= 2o UVR o544 EE 0F%F
2o wAE7] 98 A7) 221.09 f7Ad B@gd RAow
HEHIL AEANE % 29 2o

3.2.3 Relay Pickup setpoint : 105V & & (0.875PU)

106VE AAT FE vxddi SONGS 2&33 7] 4
48 ARE FusdA o [78] FHelE AVT 2 =
Agnlel we JIg=rt Su Fagde dolstrh. ol
ARkA el AVT(#5%)E A43std ¥ 29 Zx 324%7% 4
BN
¥ 2 LOV EAM Zy

Table 2 LOV Analysis results

2 80V 90V 10V 1o
TE (066PU) | (0.75PU) | QTEY) | 0.58L)
Max relay 84V 94.5V 110.25V | 10563V
Max bus 2935.7V | 3,302.7V | 3,853.2V | 3,691.7V
Pickup | Nom relay 80V 90V 105V 105V
Voltage | Nom bus | 2,795.9V | 31454V | 3699.7V | 3669.7V
Min relay 6V 85.5V 99.75V_ | 104.37V
Min bus || 26561V | 29881V | 34862V | 3644.6V
Max relay 84.3V 94.8V 11055V | 10593V
Max bus 2,936V 3,303V 3,853.5V. 3692V
Dropout | Nom relay 80.3V 90.3V 105.3V 105.3V
Voltage Nom bus 2,796.2V | 31457V 3,670V 3670V
Min relay 76.3V 85.8V 99.78V_ | 104.67V
Min bus | 26564V | 29884V | 34865V | 3644.9V

3.2.4 Relay Pickup setpoint : 105V & & (0.875PU)

32389 x&¥ wluwstr] s AAAfoA AR
AVT(+06%)2 A-&shd 7 29 2, $971EA3 A 7|
A3 AAgoRzE HAHNA(3644.89V)F FH A F(3694.5V)
o] t}.[6][10]
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3.3 TLU uncertainties considerations

UVR Degraded voltage settingoll A ©] g sfjoF & A}k
© 2 TLU(Total Loop Uncertainty)o]t}. o] 7144, 2 A4
A7el disk ofe] BgEd g Ads uyste A=
4% SYHoz Brhstn vk

pickup voltage tap;

TLU=+ \J T + D*+ PS* + §* + R+ I’ + MIE + ST+ Mi* + PEA?, ,, + PEA,,, (4)

time delay tap

TLU=+ \ Te* + D*+ P%* + S* + Re? + MTE*+ ST*+ Ma® 5)

Te: calibration temperature allowance (+0.297%)

D: voltage tap and time delay drift (£0.1%)

PSe: power supply effects (£0.1%5)

Se: seismic effect

Re: radiation effect

He: humidity effect

MTE : measuring and test equipment (0.1%5)

ST: relay tap setting tolerance (+0.085%)

Ma: miscellaneous allowance (0.1%)

PEA(random): primary element allowance (£0.012)

PEA(bias): primary element allowance (0.017)

A7IME sWARER7E dARsErE Faxs[5]6]¢]
BASLER(BE1-27)¢} ABB(27D)2] Al 7|oA A& A=E
+AZ  331FelE BE1-27A17A7]9 TLU=+0.918%/
-0.935%¢} 3.3.28 & 27DAIF 719 TLU=+0.375%/-0.392%
< AL AhI7IE]

3.3.1 BASLER(BE1-27)
3.3.1.1 Relay Pickup setpoint evaluation (0.66PU)
@ Pickup voltage
Max. voltage at relay = 80V x(1+0.00918)=80.73V
Max. voltage at bus = 80.73Vx35x0.99856=2,821.4V
Nominal voltage at relay = 80V
Nominal voltage at bus = 80V x35x0.99856=2,795.9V
Min. voltage at relay = 80Vx(1-0.00918)=79.26V
Min. voltage at busy = 79.26Vx35x0.99856=2,770V
@ Dropout(reset) voltage
Max voltage at relay = 80.73V+0.3V=80.76V
Max. voltage at bus = 2,821.4V+0.3V=2821.7V
Nominal voltage at relay = 80V+0.3V=80.3V
Nominal voltage at bus = 2,795.9V+0.3V=2,796.2V
Min. voltage at relay = 79.26V+0.3V=79.56V
Min. voltage at busy = 2,770V+0.3V=2,770.3V
29I A of= 345KV R HSFe]l TB%E AT A9,
416kV A< digF  (1PU=345kV)&  0.75PU/SAT
(station auxiliary transformer) turns ratio®ll we} Al4kshd
(0.75%345kV)/(345x0.975)/4.36(4.16)=3,353V (3,200V) = 1E
416kV E2de] Hdste] 3,353V UVR LOV AAAQ0 FHAi
dropout voltage 2,770.3V/2,785.7VE Tt} Z= 2 A< 0V
AEHAY. =3 1E 416kVS A8 FHS
3,200VZ dropout voltageX.t} =T},

21 G ol

3.3.1.2 Relay Pickup setpoint evaluation (0.75PU)
¥ 39 AxrAdgel o] A9|Xof= 345kV R ALY



(1IPU=345kV)e] 75%= ZAadt A9, 416kV EA A2 oief
0.75PU/SAT turns ratiool uwhel AAFSIA  (0.75%345kV)/
(345%0.975)/4.36(4.16)=3,353V (3,200V)Z 1E 4.16kV =12
Aol 3,353VE UVR LOV AHAA Sl # 4 dropout voltage
3,1168V/ 30932VRT 222 A9 90VeE F-4¢3 Aew
HERT

3.3.1.3 Relay Pickup setpoint evaluation (0.8PU)

& 39 ALbAIRe} o] A9 A|of= 345kV B}l
%2 AT 4%, 416kV ZAALG2 oigk 0.75PU/SAT
turns ratiooll w2} AXFPA (0.75x345kV)/ (345%0.975)/4.36(4.16)
=3353V(3200V)Z 1E 4.16kV Aol Z<Qte] 3353V UVR
LOV BAXel HA dropout voltage 3,463.1V/3,482.1V K.t}
Homg <t Tap 100VE Ad Aoz HEFT

3.3.2 ABB(27D)
3.3.2.1 Relay Pickup setpoint evaluation (0.66PU)
@ Pickup voltage
Max. voltage at relay = 80Vx(1+0.00375)=80.3V
Max. voltage at bus = 80.3Vx35x0.99856=2,806.4V
Nominal voltage at relay = 80V
Nominal voltage at bus = 80V x35x0.99856=2,795.9V
Min. voltage at relay = 80Vx(1-0.00375)=79.7V
Min. voltage at busy = 79.7Vx35x0.99856=2,785.4V
@ Dropout(reset) voltage
Max voltage at relay = 80.3V+0.3V=80.6V
Max. voltage at bus = 2,795.9V+0.3V=2,796.2V
Nominal voltage at relay = 80V+0.3V=80.3V
Nominal voltage at bus = 2,795.9V+0.3V=2,796.2V
Min. voltage at relay = 79.7V+0.3V=80V
Min. voltage at busy = 2,785.4+0.3V=2,785.7V

3.3.2.2 Relay Pickup setpoint evaluation (0.75PU) ¥
(0.8PU)

3.3.2.182] Pickup voltage ¥ Dropout(reset) voltageZ| 2t
Wyl o] BASLERS ABBAFS] AlA7lel digk 0.75PU
% 08PUS TLU B4 %S & 33 2t

3.3.3 LOV(Loss Of Voltage) Relay Time Values

338l 4 (5) TLU 4ol we} Axrain

TLU=+ 0.2972 +0.12+0.12 + 0% + 02 + 0.12 + 0.085 + 0.12 =+ 0.368% (6)
X(1+0.00368) sec + 10 cycles < 1.0 sec

1.00368X sec + 0.167 sec < 1.0 sec

1.00368X < 1.0-0.167 = 0.833

w2, LOV #o 27 X< 0.8299 sec ©]th.

3.4 4.16kV MOTOR # gt&t

3.4.1 Relay Pickup setpoint (0.66PU)
1E 4.16kV HE71+= AAAYG 75%N A F2Fsioid

SN SE MTUAATI| dHA 2itets HE
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V_relay = (0.75% rated motor voltage)/ PT ratio (7)
= (0.75x4,160V)/35%0.99856=89.27V
weh As7le B Aty fivkar 7g ek
V_relay_min = 89.27x(1-0.00935)/(1-0.00375)
= 88.43V/85.27V
V_relay_max = 89.27x(1+0.00935)/(1+0.00375)
= 90.10V/89.60V
VTS(voltage tap setting)E 80VY 4% AdAddzae
f -10.1V7F "t}
V_relay_min_80 = 80x(1-0.00935)/(1-0.00375)
= 79.25V/79.7V
80x(1+0.00935)/(1+0.00375)
= 80.74V/80.3V

V_relay_max_80

E: 3 ABB2} BASLER 27 TLU &4 Z 3}
Table 3 ABB2t BASLER 27D TLU Analysis results

o S0V(0.66PU) | 90V(0./5PU) | 100V(0.80PU)
T AV(V) AV AV
Max | BAS| 80.73V 90.82V 10091V _] _
relay [aBB[ s03v | O [ o0s3v | ¥ [T100sv |
Max |BAS| 28214V | _ | 31741V 35267V | .
1 16.9 4.2
bus [ABB| 28064v | ©° [ 3as72v | 109 [3ae25v | °
Nom | BAS| sov 0 90V 0 100V 0
Pickup | relay | ABB 80V 90V 100V
Voltage | Nom [BAS[ 27059V | 81454V | " 34940V |
bus [ABB| 2,795.9V 3,145.4V 3,494.9V
Min |BAS| 7926V 89.17V 9.8V _|
relay [aBB| 7v | 2 [ soeev | P [Toveav | O
Min |BAS|[ 2770v 31164V | | 34628V
154 23. 19
bus [ABB| 2784V | >4 [30020v | 20 [ 34818V
Max | BAS| 80.76V 9112V 10121V |
relay [aBB[ s06v | L [ 9063v | P [T1006v |
Max |BAS| 28217V | | 31744V 3527.0V
2 169 4.2
bus [ABB| 27962v | 27 [ 31575v | 109 [ 3a628v | °
Nom [BAS| 803V | "I o0sv | [ 1003v |
Dropout | Telay [ ABB|  80.3V 90.3V 100.3V
Voltage | Nom [BAS[ 27062V | 81457V | [ 349%8V |
bus [ABB| 2,796.2V 3,145.7V 3,495.3V
Min | BAS| 7956V 89.47V 99.11V
relay | ABB 30V 044 89.96V 049 99.92V 081
Min |BAS| 27703V | _ | 31168V |, 34631V
154 234 19
bus [aBB| 2787v | > [3omav | 20 [sas21v

3.4.2 Relay Pickup setpoint (0.75PU)
34.13 9] ALbAN el 7oA 9 ol
V_relay_min = 88.43V/85.27V
V_relay_max = 90.10V/89.60V ©] L,

VTSE 0VY 29 Hdstaks 4.73V7E €.
V_relay_min_90 = 89.15V/89.65V
V_relay_max_90 = 90.83V/90.33V

3.4.3 Relay Pickup setpoint (0.80PU)
34.13 9] ALbANel 7oA 9 ol
V_relay_min = 88.43V/85.27V

V_relay_max = 90.10V/89.60V ©] L,

VTSE 100V 45 Hoidshxbe 14.73V7E €t
V_relay_min_100 = 99.05V/99.61V
V_relay_max_100 = 101.03V/100.36V

3.4.4 Relay Pickup setpoint (0.80PU)
34.18 2] ALtAz e} 7o A eb 7ol

371



M71Es=gX 613 33 20124 3¥

V_relay_min = 83.43V/85.27V

V_relay_max = 90.10V/89.60V ©] L

VTSE 105VY 49 ol Agdak+= 19.73V7F "ok
V_relay_min_105 = 104.0V/104.59V
V_relay_max_105 = 106.08V/105.37V

3.5 goteol o sk A

3.5.1 Method A(MSSEH FJI, PT H <)
gt = AN Ao #dEE 23, AP 23
&50°] a3l PT 2382 A9 38 Tolerance T3
Ky

*

a. Relay tolerance : +5%

b. Relay cont. volt variation : +0.25%

c. Relay amb. Temp. variation : +0.625%

d. Test Equipment : +0.3%

e. Margin @ £0.3%

(1)¢] Tolerance =

V@ + 0+ +d +e = /5 +0.25° +0.625° +0.32 +0.3°
= £5.063%

3.5.2 Method AN E S-S Tt PT =3
PT eab&& xdtstal A=xddidstS A€l Tolerance
= a3 2
f. PT accuracy : £0.3%
(1)2] Tolerance =
Va2 + P+ + @+ e+ 2= /524 0.257 +0.625°+ 0.3°+ 0.3°+ 0.37
= +5.072%

Ay ste] Wzhek A7
B7Fe A9 Tolerance: U3 2t}

(2)¢] Tolerance =

Via+bo+ct f)2+d+e2= v/ (5+0.25+0.625+0.3)+ 0.3+ 0.32

= +6.189%

A5 =R HrtE JFoR 2222%9 Q9 Ago] WSt
16KV 7]F o & 92435V, PT 233 H$ 120V 7152
2 2666V, FEoEH Hrh VY AT 1819% 24t
So] wAEL 416kV 7|Eo2 75670V, PT 223 A
120V 7]& 2o 2 21.83V #gtx}7F @Ay gy,

&
I

EomEo A AletHE A&
w}"/‘r UVR 52448 9E 4
o 358 Hrigyel wEk A™7] 2
Zd49S JMA g ey Ay REF 5
temperature, humidity, voltage, radiation %37+ A-#o-4 7}
zAFor dAdor nEg Bast Ak

2 ] RVTS(relay voltage tap setting)< 0.75PUR %7}
HAa AgArE g ol A=, Wy, 4717159 &
As Hasd F v AoE AEHUG. vk, A9 X of=
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Azl Agtrdate] we ZAI BEAA7| AL AALS

H
HENS 73%, RVTSt 100V7F A g3}t
B A e d we Av|e Ao 22
AEARE F3 HAHe UVR AARAE
[e]

AdEE Aol QLA FAY KA BAAAE
Aasiete A7)0 AHES AL 5 Ak

[1] NUREG-0800, Standard Review Plan, chapter 8 and
BTP 8-6(Adequacy of Station Electric Distribution
System Voltages), NRC, 2007

[2] Pressure Water Reactor Standard Review Plan,
Appendix 8-6(Adequacy of Station Electric
Distribution System Voltages), KINS, 1999

[3] IEEE Std. 741, IEEE Standard Criteria for the Protection
of Class 1E Power Systems and Equipment in Nuclear
Power Generating Stations, 2007

[4] ANSI/ISA-67.04.01, Setpoints for Nuclear Safety
Related Instrumentation, 2000

[5] ABB company, single-phase
Instructions, pp. 5-9, 1984

[6] Final Report of Technical Specification revised to 1E
bus UVR setting of nuclear plants, KOPEC, pp3-15,
2010

[7] Calculation E4C-015, Rev.0 TLU Calculation for Loss
of Voltage Relays at Class 1E 4.16kV Switchgear,
Song Unit 2&3, 2007

[8] Calculation E4C-130, ICCN C-7, Proposed Change
(218kV) SONGS Unites 2 and 3, 2005

[9] OMICRON CMC 356, technical data, device accuracy

[10] Background on Technical Specification of Standard
Nuclear Plant B3.8(Power System)
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